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Abstract
This study used data from the National Longitudinal Study of Children and Youth to
examine the cross-sectional and longitudinal relationships between self-reported sleep
duration, insomnia (difficulties falling asleep) and internalizing problems in adolescents
from age 10 to 15. Relevant family and social context variables were controlled for in
multivariable analyses and family functioning was assessed as a potential effect modifier.
Cross-sectional multivariable linear regression analyses of sleep duration and
internalizing problems revealed no statistical association. However, difficulties sleeping
and concurrent internalizing problems were positively associated at ages 12/13 in females
(= 1.77[0.94, 2.61], R2 =0.169) and males (=1.18[0.36, 2.01], R2 =0.157). Difficulties
sleeping at age 12/13 also predicted future internalizing problems in females
(=0.70[0.28,1.67], R2 =0.187) and males (=0.94[0.05,1.84], R2 =0.301), while
controlling for initial internalizing symptoms. Family functioning was found to moderate
the relationship between sleep duration and internalizing at age 12 /13. Findings highlight
the importance of adequate sleep for adolescents’ optimal mental health.

Keywords: sleep duration, insomnia, internalizing problems, psychopathology,
adolescence
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Lay Abstract
Poor sleep quality and short sleep duration are public health concerns that have become
increasingly widespread among children and adolescents. As early adolescence is a
period of significant brain maturation, prolonged inadequate sleep during this time may
have negative effects on mental health outcomes such as development of internalizing
problems (symptoms of anxiety and depression). It remains to be understood whether
adolescence is a particularly sensitive time for this relationship and whether the
relationship can be explained by understanding the role of family processes and social
context.

This longitudinal study uses data collected from the National Longitudinal Study of
Children and Youth to examine the relationship between self-reported sleep duration,
difficulties falling asleep and changes in difficulties sleeping with internalizing problems
cross-sectionally (at age 10/11, 12/13 and 14/15) and longitudinally (from age 10/11 to
14/15). In addition, this study aims to elucidate the role of family processes (negative
parenting, family dysfunction) and social context (income, peer relations, neighbourhood
safety and neighbourhood cohesion) by evaluating their role in the literature. To our
knowledge, this study will serve as the first Canadian population-based study to study
these relationships longitudinally in adolescents.

Analyses were conducted separately for females and males to account for sex differences
in the relationships between sleep duration, difficulties sleeping and internalizing
problems. Sleep duration and internalizing problems were found to not be statistically
associated in most analyses. However, difficulties sleeping and concurrent internalizing
ii

problems were positively associated at ages 12/13 in females and males. As well,
persistent difficulties sleeping in females from age 12/13 to 14/15 also predicted
internalizing problems at age 14/15, while controlling for initial internalizing problems.
Family functioning was not found to moderate the relationship between sleep duration,
difficulties sleeping and internalizing problems. Findings highlight the importance of
adequate sleep for adolescents’ optimal mental health.
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Chapter 1 – Introduction
1.1 Introduction/ Rationale
Sleep difficulties are a public health concern that have become increasingly
widespread, in adults as well as among children and adolescents. As many as 24% of
children ages 6 to 11 experience inadequate sleep one or more days a week, with up to
39% of children experiencing inadequate sleep one or more days a week at ages 12 to 17
(1). Often, sleep difficulties in children and adolescents are overlooked or not addressed
by parents or primary care physicians until the problems alter the child’s health or daily
life (e.g., demonstrating inattention, reduced cognitive functioning and improper behavior
regulation) (2).

It is unknown whether prolonged inadequate sleep in childhood and early adolescence
may change a child’s trajectory of development, having negative long term effects on
mental health outcomes such as symptoms of anxiety or depression, also described as
internalizing problems (3–5). Currently, data on these relationships are limited. The
American Academy of Sleep Medicine suggests that there may be a linear relationship
between sleep duration and incidence of mental health problems in 6 to 12 years olds,
where too little sleep is associated with mental health problems, however the evidence is
mixed (6). Recent literature suggests there may be a critical period in the relationship
between sleep duration and quality and internalizing problems occurring during
adolescence (7). An older, yet still relevant theory suggests that the prefrontal cortex
(PFC) has an important role in this relationship (7); that inadequate sleep may hinder PFC
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development which may cause internalizing problems. The prefrontal cortex regulates
executive processes required for controlling emotion and inadequate sleep is known to
negatively affect these processes (8). Adolescence is a period of heightened risk as it is
also a time of rapid PFC development. One study revealed that reported insomnia
symptoms predicted depressed feelings from age 10 to 13, but not from 8 to 10,
indicating that the critical period may lie after age 10 (27).
There have been increasingly more treatments developed for anxiety and depression in
children and adolescents, including cognitive behavioural therapy. Yet, treatments such
as cognitive behavioural therapy are ineffective in approximately 30% of adolescents
with anxiety (9) and depression treatments show relatively low to moderate decreases in
depressive symptoms (10). Identification of risk factors for anxiety and depressive
symptoms (i.e., internalizing problems) may provide valuable insight into potential
prevention methods.

Research regarding adolescent internalizing problems has also supported the important
role of social context and family factors, including socioeconomic status, family
functioning and parenting, in achieving optimal mental health (11,12). For example, it
has been found that children with a lower socioeconomic status and poor family
functioning are more likely to have depressive symptoms or internalizing problems
(11,13). However, there is very limited research on the role of these variables in terms of
the relationship between sleep and internalizing problems. Lastly, male and females have
innate physiological and social differences that may contribute to the relationship
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between sleep and internalizing problems (14–17); further research is warranted as only a
limited number of studies on this topic have stratified by sex.

1.2 Objectives
The objective of this study is to examine the association between sleep duration and
difficulties sleeping with internalizing problems in a national sample of Canadian
adolescents within the framework of family processes and social context. The study also
aims to present sex-specific results by stratifying the analysis by sex. The study will
address three principal research questions:
1. Is there an association between sleep duration (at 10-11 and 12-13 years old), and
difficulties sleeping (at 12-13, and 14-15 years old), and internalizing problems
cross-sectionally?
2. Do initial sleep duration and self-reported difficulties sleeping and change in selfreported difficulties sleeping in early adolescence (i.e., 10-11 and 12-13 years)
predict internalizing problems at mid-adolescence (i.e., 14-15 years)? Changes in
difficulties sleeping will be evaluated using information collected at ages 12/13
years and 14/15 years.
3. Does family functioning modify the association of sleep duration and/or
difficulties sleeping with internalizing problems?
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Chapter 2: Literature Review
2.1 Introduction to Sleep Duration and Insomnia
Sleep is essential for health and requires adequate duration and quality. The current
review will focus on assessing two particular aspects of sleep; (i) sleep duration and (ii)
insomnia, in particular, difficulties falling asleep and maintaining sleep. Evidence shows
that chronic insufficient sleep duration and difficulties sleeping are the most common
sleep problems reported by healthy adolescents, and are therefore, important to study
among the adolescent population (18). Assessment of sleep duration and insomnia
symptoms among large epidemiological population studies are often measured through
diaries and self-report (5,19–21). Sleep quality measures such as sleep efficiency and all
parasomnias such as restless leg syndrome, sleep apnea and nightmares will not be
discussed in this review, as these variables were not available in the National
Longitudinal Study of Children and Youth. In the present review, adolescence refers to
the transitional stage of physical and psychological development between childhood and
adulthood and encompasses youth between the ages of 10 to 19, in accordance with the
World Health Organization definition (22). The term children will be used more
generally, defining persons 19 years old or younger.

Sleep Duration
Sleep duration normally refers to the amount of sleep obtained either overnight or within
a 24 hour period (23). For children ages 5 to 13, Canadian 24-Hour Movement
Guidelines for Children and Youth recommends a sleep duration of 9 to 11 hours each
night to maintain overall health and wellbeing (24). For adolescents ages 14 to 17, 8 to 10

5
hours of sleep each night is recommended. According to a study using data from the
Canadian Health Behaviour in School-aged Children Survey (HBSC), short sleep
duration is prevalent among Canadian adolescents with 17.8%, 34.9% and 24.6% of
adolescents ages 10 to 11, 12 to 13 and 14 to 15, respectively sleeping less than the
recommended duration (25). Moreover, children and adolescents nowadays are sleeping
less than their counterparts decades ago (26,27). These statistics reflect a decreasing trend
in sleep duration among children and adolescents, which has been attributed to the
increasing prevalence of behaviours that negatively affect sleep such as noise, screen
time before bed, caffeine consumption, and lack of parent-set bedtime (28).

Insomnia
In this review, insomnia will refer to the presence or absence of difficulties sleeping,
difficulties staying asleep, high number of wakings during the night, or general trouble
sleeping. It will not refer to clinical insomnia criteria from the Diagnostic and Statistical
Manual of Mental Disorders (DSM) unless specifically indicated. According to a study
using data from the Canadian Health Measures Survey, which collected cross-sectional
data from 2007 to 2013, nearly one-third of 6 to 13-year-olds reported having trouble
getting to sleep or staying asleep “sometimes/most of the time/all the time”, and
approximately 42% of adolescents aged 14 to 17 years old reported having trouble
getting to sleep or staying asleep “sometimes/most of the time/all the time” (25).
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2.2 Conceptualizing Internalizing Symptoms
In childhood and adolescence, anxiety and depression have been found to be risk factors
and predictors of each other. To better understand psychiatric diagnoses, latent modelling
techniques had been used and have shown that both anxiety and depression have the same
internalizing element; a tendency to feel distress and focus it inwardly (29–31).
Therefore, internalizing refers to core symptoms of anxiety and depression. Anxiety and
depression symptoms are sometimes characterized in the literature as symptoms on the
internalizing disorder spectrum rather than as discrete mental disorders (32). There is
evidence to support that research should move beyond focusing on comorbidities (i.e. the
presentation of two separate disorders concurrently) (33). Studying anxiety and
depression as comorbidities implies that they are distinct forms of mental disorders when
in fact, research shows that there is strength in the associations between this pair of
disorders (34,35). Many correlations have been found between symptoms and diagnoses
and a person often meets the criteria for more than one DSM-IV diagnosis at a time. This
categorization is therefore based on patterns and associations of shared causal factors (35)
and is based on the belief that studying mental disorders independently will disguise the
true causes of these disorders.

Sleep and internalizing problems: Sensitive developmental period in early
adolescence

The role of sleep in relation to mental health is particularly important during early
adolescence. There is robust evidence to demonstrate that youth in early stages of
adolescence are obtaining inadequate sleep (i.e., sleeping less than the recommended
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sleep duration) with 17.8%, 34.9% and 24.6% of children ages 10 to 11, 12 to 13 and 14
to 15, respectively (25).

The early adolescent, peri-puberty period has been identified as a critical development
period that may be sensitive to the effects of sleep duration and quality on development
of internalizing problems due to the occurrence of biological and social changes at this
age. First, early adolescence is associated with an increasing reduction in the
accumulation of homeostatic sleep pressure. Homeostatic sleep pressure is the drive and
feeling of wanting to sleep. A reduction in homeostatic sleep pressure increases the time
individuals can stay awake by reducing the drive to fall asleep (36). This decrease was
found to be linked with age, with the greatest changes occurring from ages 12 to 14 (36).
Second, puberty, which begins on average at age 11 for females and age 12 for males
(37), is associated with changes in the circadian rhythm, an internal clock that regulates
one’s sleep cycle. Adolescents experience a delay in their circadian rhythm, causing a
delay in the onset of nighttime sleepiness developing an inclination to delay bedtime and
sleep in later (38,39) . When children enter adolescence, they also develop social
responsibilities and interests (e.g. more homework, friendships) which that may
encourage later bedtimes and accompanied reduced sleep duration (40).

Early adolescence is also a critical time of brain maturation and sleep is thought to be a
particularly important factor in proper brain development. Research shows that reduced
sleep duration and insomnia may disturb processes occurring in the prefrontal cortex
(PFC), an area that controls emotional responses, including internalizing problems
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(41,42). Therefore, coinciding improper sleep duration and increasing insomnia
symptoms at a critical time of brain development may have negative effects.

Currently, more work in the field is needed as there is limited research investigating early
adolescence as a sensitive developmental period for the sleep and internalizing problems
relationship. A study on a community sample of 142 participants found that sleep
duration and difficulties falling asleep at age 8, did not predict internalizing problems at
age 10 as robustly as sleep duration and difficulties falling asleep at age 10 predicted
internalizing problems at age 13 (41). This finding suggests that the sensitive period for
this relationship may lie beyond the age of 10, corresponding to the timing of age-related
sleep changes described above. Moving beyond the limited literature on sensitive periods,
future research should also study adolescents to the age of 15 and beyond, as the mean
age of onset of internalizing problems related to depression in adolescence is 14.9 (42).
Monitoring of these associations at different time points at these critical ages may allow
us to better understand the relationships.

Other studies have found that short sleep duration and insomnia in early adolescence
impacts future self-rated health, and life satisfaction (43). Scientist Dr. Ronald E. Dahl
established some fundamental theories regarding sleep and psychopathology that
continue to be relevant and referenced in this field today. According to Dahl, if there is
short sleep duration or insomnia during key developmental and maturational periods, this
may lead to future internalizing (affective) problems (40). Early adolescence is an
important developmental time to uncover this relationship which may allow for early
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intervention and prevention of inadequate sleep duration and insomnia and internalizing
problems.

2.3 Associations of Sleep Duration and Insomnia with Internalizing
Problems
Sleep Duration and Internalizing Problems
In adults, short self-reported sleep duration has been associated with increased risk for
higher levels of depressive symptoms and diagnosis in cross-sectional and longitudinal
studies, with some research also showing increased risk of depression with long sleep
duration (44–47). Results from a systematic review, indicate that in children aged 6-13,
studies examining sleep duration have provided more support for a linear relationship
between increasing sleep duration and mental health (5). In experimental studies, in a
group of 16 children who were instructed to sleep one hour more than their baseline sleep
duration had improved emotional lability (decrease in rapid, exaggerated changes in
mood) and those who restricted their regular sleep duration by more than 1 hour
experienced decreased emotional lability (p<0.05) (48). In another experimental study,
when children slept 9.3 hours on average each night, they had statistically significantly
higher self-reported positive affect scores and parent-reported emotional regulation
compared to when the they slept 8 hours on average per night (49). However, due to the
experimental nature of these studies, sample sizes were quite small. In addition, sleep
durations were only altered by one hour in some studies. If one is sleeping much more,
the association may change. To determine whether there was an effect due to other traits
such as genetics, a Japanese study of 60 twins in grade 9 found that sleep duration was
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negatively associated with subsequent anxiety and depressive symptoms 4 years later
(adjusted = –0.0095, (p=0.0032)) (50). These findings suggest that the associations
between sleep habits and internalizing problems are linear and continue to be statistically
significant after adjusting for genetic and shared environmental factors of twins. While
these results are statistically significant, there is a small effect size, so it is possible they
are not clinically significant. A few longitudinal cohort studies have also shown that sleep
duration is a strong predictor of subsequent depressive symptoms (= – .20, p<.001),
self-esteem (= .23, p<.001) and psychological wellbeing (= .21, p<.001)(51,52) in
early adolescence. Yet, other longitudinal studies have found no relationship between
sleep duration and internalizing problems (53–55). Naturally, ideal sleep duration varies
somewhat according to the individual (28); however, it is important to study sleep
duration from a population health perspective in order to provide evidence for health
policy, guidelines and parents and children on proper sleep duration to promote good
health.

Research on sleep trajectories has shown that sleep duration decreases as children
become older (13-15). Compared to age 10, where children sleep approximately 10 hours
per night, adolescents at age 15 are usually sleeping less than 7.5-8 hours per night, are
going to bed later, waking up earlier and becoming sleepier during the day (56–58).
Fredriksen. et al longitudinally examined sleep duration and depressive symptoms over
three years and found a negative association; students age 11 at baseline, who selfreported having higher sleep duration over three time points expressed lower levels of
depressive symptoms over time compared to peers who slept more hours (=-.20, p
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<0.001). The reverse association was also tested. Depressive symptoms and sleep
duration at baseline (grade 6) was the only significant association (=-.1.75, p <0.001);
the slope of depressive symptoms did not predict the slope of hours of sleep (=-1.74, p
>0.05). Therefore, depression appears to be influenced by trajectories of sleep duration
and not vice-versa (59). Similar findings have been found for anxiety and internalizing
problems, where anxiety appears to be influenced by trajectories of sleep duration and not
vice versa (41).

Insomnia and Internalizing Problems
Though not well studied in early adolescence, there is growing literature on the
association between insomnia with anxiety, depression and internalizing problems. In
adults, a strong link between insomnia and depression has been established (60). Given
this finding, a similar overlap may be expected in adolescents, however, it remains
unclear. Recent evidence suggests that the overlap may increase over time (41). It
remains to be studied whether this is true at the critical time in early adolescence from
age 10 to 15, where many important biological (including pubertal and neurological) and
social changes occur.

Directionality of Sleep and Internalizing Problems Relationship
There is robust evidence demonstrating that difficulties with getting to sleep and staying
asleep are often experienced simultaneously with psychiatric disorders, often
characterized as symptoms of these disorders (61,62). Results from a 2013 systematic
review (63) of longitudinal studies in children and adults, provides evidence for bi-
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directionality between insomnia symptoms, which include difficulties falling asleep and
staying asleep in childhood, and anxiety and depressive symptoms. However, among
findings focusing on school aged children and adolescents, findings suggest that sleep
duration and insomnia occur prior to internalizing problems (59,64–68). Although, some
studies found this to be true for anxiety symptoms and not depressive symptoms (65).

2.4 Establishing the role of Social Context in the Sleep Duration,
Insomnia and Internalizing Problems Relationship
It is widely understood that an adolescents’ development must be considered within their
context and environment. Population health models have stressed the importance of
considering the complete development context (69). Models such as Bronfenbrenner’s
bioecological theory (70) describe the child’s environment in proximal to distal ‘layers’
surrounding the child, including proximal social processes (referring to regular
interactions in a child’s daily life, including family processes such as parenting
interactions and family functioning), as well as their social context (including family
resources, neighbours and peers). Specifically, family resources refer to characteristics of
the family or parents that are typically related to family functioning and health outcomes
of the child (i.e., family income, parental education, and parental health) and family
functioning refers to the overall relationships within a child’s family, including effective
communication, roles and involvement. Bronfenbrenner’s bio-ecological conceptual
categories will be used in part for the proposed conceptual framework in this study. The
relationship between social context variables and relevant sleep variables will be
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reviewed first, followed by the relationship between social context variables and
internalizing problems.

2.4.1 Association Between Social Context and Sleep
Social Context – Family Resources and Demographics
Several studies have demonstrated that adolescents of lower socioeconomic status (SES)
and/or living in a single-parent home, compared with adolescents of higher
socioeconomic status, are at increased risk for short sleep duration as measured by
actigraphy or self-report (26,71,72). As well, lower socioeconomic status and single
parent home status are also associated with more insomnia symptoms and higher
variability of sleep duration in adolescent populations (71,72).

Social Context – Neighbourhood and Peers
During adolescence, peers may function as important influencers in daily life.
Participation in peer activities and outings are hypothesized to be contributing to
decreasing sleep duration from middle childhood to adolescence (40). However, there
are a limited number of studies analyzing peer relations and sleep duration. Among the
available studies, the evidence is mixed. In one study, shorter sleep duration was
associated with ‘having a lot of demands from friends (r=-.10, p<0.001) (73); in another
study, no statistically significant relationship was found between peer relationships and
self-reported sleep duration (Odds Ratio (OR) = 1.50 [0.923, 2.436], p=.102) in a
community sample of 304 adolescents (74).
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There is some research to suggest that a pathway between peer relations and insomnia
may exist. Studies show that having connections to others in one’s life has beneficial
effects on physical health by lowering blood pressure, heart rate and level of stress (24,
25). Based on this premise, physiological arousal from stressful social situations and poor
peer connections could interfere with sleep (77). In a study of 974 students, a decrease in
positive peer associations (e.g. friends making the adolescent participate in things they
are ashamed of) from age 12 to 15 was associated with increased sleep disruption at 15
(= –.12, p<0.001). However, other studies have found that peer relationships are not
associated with self-reported sleep. In a study of 8004 Taiwanese students, self-reported
difficulties getting to sleep and awakening during the night were not associated with low
connectedness to a peer group (OR=1.00 [0.20, 1.91]) (78).

In addition to studies on peer relationships, a growing body of literature in adults
suggests that neighbourhood level factors such as neighbourhood SES and lower
neighbourhood cohesion are associated with insomnia. Among adolescents, the literature
is limited. Two studies have been conducted that provided some evidence that
neighborhood level factors influence adolescent’s insomnia symptoms. Findings indicate
that perceived neighborhood- level social cohesion (i.e. whether neighbours get along or
are willing to help each other when needed) decreased the risk of being ‘bothered a little’
(OR= 0.80 [0.70, 0.90]) or ‘bothered a lot (OR= 0.74 (0.63, 0.86)) by trouble sleeping’ in
adolescents (79). However, in another study no association was found (79). Counter to
theory that links improved sleep with a higher sense of safety (40), neighborhood
monitoring (i.e. if something seemed unordinary in the neighbourhood, would someone
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do something about it) and neighborhood safety were not found to be predictors of
insomnia in adolescents in this study (79). As these last findings contradict relevant sleep
and vigilance theory (that ascertains that proper sleep can only be obtained when one
feels safe enough to experience the loss of awareness of the external environment that is
required for sleep (40)), further research on larger, more diverse samples is warranted.

2.4.2 Association between social context and internalizing problems

Social Context – Family Resources and Demographic Variables
Results from a systematic review of global cross-sectional and longitudinal studies
indicate that an inverse relationship exists between socioeconomic status and
development of internalizing problems in children and adolescents (80). In this study,
those who were socioeconomically disadvantaged, as determined by household income,
poverty, parental education, parent occupation status or family affluence, were two to
three times more likely to develop mental health problems (80) with Odds Ratios ranging
from 1.18 (81) to 3.34 (82).

Social Context –Neighbourhood and Peers
As children transition into adolescence, peer relationships occupy a more prominent role
in their lives and can play an important role in developing psychopathology, including
internalizing problems (83). For example, social isolation (84), friendship trust (83), and
friendship attachment (83) have all been found to be associated with adolescent’s
internalizing problems. In a meta-analysis of 15 studies analyzing the longitudinal
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relationship between peer victimization and future internalizing problems, adolescents
who are victimized by their peers appear to also be at increased risk of later internalizing
problems. The study also demonstrated that this relationship is possibly bidirectional, as
increases in internalizing problems are also associated with later peer victimization, but
to a lesser degree (85). Findings also support the role of supportive friendships where
having supportive friends reduces the risk of internalizing problems (86,87).
Only a few studies have been conducted on the impact of neighbourhood environment on
mental health among children and adolescents. In one study of 2805 adolescents, lower
neighbourhood level SES was found to be associated with higher rates of internalizing
problems (=0.09, p<0.001) while controlling for family demographics, maternal
depression and baseline mental health status. Neighbourhood collective efficacy and
neighbourhood organizational participation variables similar to neighbourhood cohesion,
were associated with better mental health ([= -0.074, p<0.05] and [= -0.063, p<0.05],
respectively) (88). In another study of 137 children ages 6 to 11 years old, neighbourhood
violence was associated with increasing child-reported internalizing problems (=.20,
p<0.05) (89). These findings are consistent with sleep and vigilance theory, however, this
study was cross-sectional and focused solely on low-income, inner-city, African
American children therefore, future, more generalizable work is warranted.

2.4.3 Consideration of Social Context by Previous Studies
Most previous studies investigating sleep and internalizing problems have neglected or
overlooked the potential role of social context in this relationship. (Please refer to Table
C.2. for a summary of articles and consideration of social context). The most common
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social context variables considered were income and socioeconomic status (marked by
income and parental education). Income and/or socioeconomic status were controlled for
in 11 out of 18 studies examining sleep duration or quality and internalizing problems in
children or adolescents. Following income and socioeconomic status, the most frequently
controlled social variable was ethnicity. Ethnicity was controlled in 4 out of 18 studies.
Two studies controlled for parent education.

I was unable to find any studies that had analyzed the role of neighborhood safety,
neighborhood cohesion or peer relations as risk factors for both sleep duration or quality
and one’s internalizing problems among adolescents. As discussed previously,
neighborhood factors and peer relations may be important predictors of both sleep and
internalizing problems. Consequently, the role of neighbourhood and peer factors on
sleep and internalizing problems warrants further research.

One study assessed socioeconomic status and race as potential effect modifiers and found
that those with sleep short sleep duration, frequent night waking or variable sleep
schedules had more clear negative effects on internalizing behaviors (symptoms of
anxiety and depression) in adolescents from lower socioeconomic status backgrounds and
in children of African American ethnic background (41). The data were collected from
children in grade three (approximately age 8) and again in grade five (approximately age
10) and were analyzed longitudinally (41). Without addressing social context variables,
studies may be mischaracterizing the effect of sleep on internalizing problems.
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2.5 Establishing the Role of Negative Parenting and Family Functioning
in the Sleep and Internalizing Problems Relationship
2.5.1 Introduction
Negative parenting can be described in terms of the nature of the parent-adolescent
interactions or the type of parenting style. Family dysfunction will be broadly defined to
encompass a variety of family-related constructs, including marital conflict, aggression
between family members, poor communication, and behavioral control among family
members.

2.5.2 Association Between Negative Parenting and Family Functioning with Sleep
Parameters

There is some literature examining associations between family factors and sleep
duration in adolescents, with the majority demonstrating support of a relationship. These
include positive aspects of family functioning, including maternal warmth, adolescents’
secure attachment to parents, and parents’ engagement, as well as “negative” aspects of
family functioning, including poor communication, and aggression between parents and
their children. It is hypothesized that family dysfunction influences sleep patterns of
adolescents directly through shorter sleep duration, and indirectly through household
chaos or stress. In a systematic review of factors associated with sleep during
adolescence, a negative family environment marked by poor family climate and family
disorganization increased the risk of decreased total sleep time and increased sleep onset
latency in adolescents (90). Conversely, positive characteristics of home environments
such as parental warmth, parental monitoring of the adolescent, and the quality of the
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parent-adolescent relationship have been shown to be positively associated with longer
sleep duration (90–92). With regards to the relationship between negative parenting and
adolescent sleep duration, fewer studies exist, with one finding no influence on the
duration of sleep, however, a relationship was found with insomnia symptoms (=1.88,
p<0.001) (93).

Meta-analyses have found associations between negative family interactions and poor
sleep (94). Studies have shown that various family functioning variables longitudinally
predict insomnia variables in children and adolescents. In one study, increased marital
conflict and aggression predicted children’s daytime sleepiness in a cross-sectional
sample ( = .33, p<0.05) (95). In another study using a younger sample of children,
mothers’ hostility toward fathers, and father’s hostility towards mothers when children
are 2.3 years old on average, was found to be associated with insomnia symptoms
(difficulty initiating and maintaining sleep, sleepiness and waking up during the night) at
4.5 years of age ([β = .14, p < .05] and [β = .24, p < .001], respectively). (96). Consistent
with these findings, another study found that father’s self-reported lower parenting stress
and higher marriage satisfaction predicted fewer symptoms of insomnia (less waking and
interruptions during nighttime sleep) ( [= -.37, p<0.001], [= .23, p<0.05], respectively)
among their children (97).

Household chaos has also been found to indirectly influence adolescent sleep. Families
with higher levels of household chaos had a higher odds of having behaviors that
disturbed adolescent’s sleep such as watching TV and listening to music (OR = 1.8 [1.2,
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3.2] ), phoning/texting (OR = 1.7, [1.2, 2.9] ) or having friends/relatives over at the home
(OR = 1.6, [1.0, 3.0]). However, this study used only a small sample of 26 adolescents.
In another study, a dose response relationship was found where the more often families
score in the top 25th percentile of family dysfunction over time, the more likely the child
developed insomnia at age 18. Some studies did not find a relationship between family
dysfunction and insomnia symptoms, however these were a minority (98).

In addition to family functioning, research has also been conducted on the relationship
between parenting and insomnia. Negative parenting styles including restriction (parent
makes all decisions), reproach (parent demonstrates anger and aggression towards the
adolscent) and inconsistency (parents are unpredictable). These parenting styles have
been found to be associated with worse insomnia (disturbed, impaired sleep) and longer
sleep onset latency (time required to fall asleep) in adolescents (93).

2.5.3 Association Between Family Processes, Family Functioning and Internalizing
Problems
There is an abundance of evidence demonstrating that family processes are robust
predictors of adolescent internalizing problems (99,100). These factors span many
variables that influence internalizing problems. For example, adolescents in households
with high levels of family dysfunction such as parent-child conflict and inter-parental
conflict have a higher likelihood of experiencing internalizing problems (99,100). More
recently, research has suggested that family functioning may be more relevant for the risk
of internalizing problems in females than males. This increased risk is believed to result
from females greater sensitivity to interpersonal and social stressors (16,17,101). A large
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portion of the literature focuses on the importance of attachment style; the way in which
children perceive and experience availability, trust and accessibility from their caretaker.
Attachment style tends to be based on the sensitivity of the caregiver towards the child
(102). Adolescents who do not feel securely attached to the parent, are at higher risk of
internalizing problems (111). In a systematic review of the association between parenting
and internalizing problems in children and adolescents it was found that over-involved
parenting, over-reactive parenting and permissive parenting are also correlated with
internalizing problems in children and adolescents (104).

2.5.4 Consideration of Family Factors by Previous Studies assessing Sleep and
Internalizing Problems
Understanding the family risk factors for sleep and internalizing problems may be critical
to recognizing the true relationship between the two variables. This relationship is also
important as it can help identify adolescents at risk and allow for early intervention.
There is some literature evaluating the role of the family in the relationship between sleep
and internalizing problems (refer to table C.11 for a summary of articles and
consideration of family factors). There are a handful of studies in sleep and internalizing
problems that have controlled for family factors, with only one controlling for family
factors in an adolescent population (64,105–107). Among these articles, the following
constructs are analyzed: family function, maternal depression, parental divorce, and
adolescent-parent attachment. The role of negative parenting remains to be studied.
Parental depression or parent internalizing problems were most commonly controlled for;
3 out of 18 studies. Few studies analyzed the role of parenting as a relevant risk factor
and found that it was in fact an important factor in understanding the relationship. While
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there is evidence to suggest negative parenting can be impactful on sleep duration and
quality and internalizing problems in adolescence, as of yet, there has been no study
aimed at understanding this relationship in this vulnerable population.

Family processes have also been assessed for interaction with sleep. Dual risk perspective
states that an individual with a vulnerability that increases risk, or a protective factor that
reduces risk can exacerbate or diminish an association. In this case, difficulties sleeping,
alongside another risk factor such as poor family functioning may exacerbate the
association between sleep duration and insomnia with internalizing problems (108). It is
also possible that the benefits of longer sleep duration or no insomnia symptoms would
only be evident when coupled with positive family functioning; a protective-reactive
moderating process, whereby a protective factor gives benefits when combined with low
but not high risk conditions (109). For example, in a study of 106 adolescents and their
parents, parent-adolescent attachment, a correlate of family functioning (110), was found
to moderate the association between sleep quality (low number of awake episodes) and
anxiety symptoms. In an earlier wave of that cohort, another study found that lower
perceived attachment security to mothers alongside short or less efficient sleep predicted
poor academic achievement in children. Among infants, maternal sensitivity, another
correlate of family functioning, moderated the association between sleep duration and
internalizing problems, where there was a negative relationship between sensitivity and
sleep in children with longer but not shorter sleep duration. Collectively, these findings
indicate that it is possible that sleep duration and insomnia may interact with family
functioning to predict internalizing problems in adolescence.
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2.6 Other covariates
Canada has released 24-Hour Movement Guidelines indicating the key relationship
between sleep, sedentary behaviour and physical activity. Physical activity and sedentary
behaviours such as screen time, have been shown to be associated with sleep and
internalizing problems in various articles and systematic reviews (111–113). These
factors should therefore also be considered as potential confounders in studies in this
area. To date, the majority of studies in this field have not addressed these key health
behaviours.

In conclusion, family factors, social factors and health behaviours may help explain the
relationship between sleep and internalizing problems in adolescents and must be taken
into account in future research. This thesis contributes to the literature by (a) forming
hypotheses around the relationships of sleep and internalizing problems at this critical
developmental period while accounting for social and family factors.
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Figure 2.1. Conceptual framework of sleep and internalizing problems in early
adolescence.
*Family functioning will be assessed as a potential effect modifier.
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Chapter 3: Methods

3.1 Data Source and Access
The National Longitudinal Study of Children and Youth (NLSCY) is a survey collecting
data related to the health and development of Canadian children from birth to early
adulthood. The NLSCY collected information from a large representative cohort of
16,903 children aged 0-11 (cycle 1) to the ages of 14-25 (cycle 8), biannually for eight
cycles. The overall aim of the NLSCY is to collect information to support policy and
program development to benefit children and youth in Canada. The survey collected
information regarding children's social, emotional and behavioral development and
wellbeing. The survey contains questions regarding key variables in the current study;
sleep (including difficulties sleeping and sleep duration), socio-demographic
characteristics, neighborhood characteristics, health status, and parent health information.
The dataset also includes validated and reliable child and youth specific internalizing
problems measures (114,115).

A proposal was submitted to the Social Science and Humanities Research Council for
approval of study objectives and requested variables. Upon acceptance, all researchers
not previously involved with the RDC underwent security clearance and training.
Researchers then signed a microdata research contract to become employees of Statistics
Canada and ensure confidentiality of the data. All statistical analyses were completed
within the University of Western Ontario RDC.
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3.2 Sampling Strategy and Data Collection
The study sample for this survey was drawn from households that responded to the
Labour Force Survey (LFS), a Statistics Canada Survey administered monthly to provide
estimates of employment. This survey is redesigned every ten years to maintain an
accurate representation of the Canadian population. The LFS samples residents over 15
years of age excluding those who live in the Yukon, Nunavut, the Northwest Territories,
people living on Indian reserves, full-time members of the Canadian Armed Forces,
inmates and those who are institutionalized.

LFS sampling comprised of multiple stages. First, provinces are divided into economic
regions and employment insurance economic regions. The joining of these two regions
makes up the primary strata. The primary strata are classified into three types of regions:
rural, urban and remote areas. The urban areas are categorized into two types: those using
an apartment list and those using only an area frame. Where it is possible, the urban area
frame is divided into regular strata, high-income strata, and strata with low population
density. The final stratum is divided into clusters; clusters are adjacent groups of
dwellings, formed based on a 1991 Census, often composed of a city block or more of
dwellings. A sample of clusters is selected within the stratum. In the low density urban
strata, two towns are sampled within each strata and then six clusters within each town
are sampled. For the apartment strata, no clusters are defined; instead, each building is
considered the primary sampling unit and apartment buildings are sampled from a list
frame. Within rural strata, six census enumeration areas are sampled as clusters per strata.
In remote areas, the settlements sampled are proportional to the number of dwellings in
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each settlement. In all types of areas, private dwellings are systematically sampled from
each cluster.

The collection of the NLSCY data has three components; the Child Component, the
Adult Component and the Self-Complete Component. In the Child Component, the
person most knowledgeable (PMK) responds to questions pertaining to the child's
development, home environment, and health. In the Adult Component, the PMK or the
spouse of the PMK responds to questions pertaining to the adult’s health, behavior and
environment. Lastly, children ages 10 to 15 respond to questions about their own
behavior, development, and environment in the Self-Complete Component. The Child
and Adult Component were completed using computer-assisted interviewing while the
self-complete component was completed using a paper questionnaire. All interviewers
were trained before survey administration. The survey is available in both French and
English. Further information regarding survey administration is published online by
Statistics Canada (116).

3.3 Study Sample
The NLSCY is made up of two sampling components; the Early Child Development
Cohort, which samples 0 - 5 year-olds, and the Longitudinal Cohort consisting of
children who were age 0 - 11 when initially sampled in the first cycle. The longitudinal
cohort was surveyed every two years and with no additional respondents in subsequent
cycles.
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In cycles 4, 5 and 6, the number of children sampled was 15,632, 15,163 and 13,657
respectively. Data for cycle 4, 5 and 6 were collected in 2000-2001, 2002-2003 and 20042005, respectively. Children were not followed up with in subsequent cycles if they
emigrated, deceased or did not respond to three survey cycles in a row. The response
rates were 84.5% 81.3% and 82.4% for cycles 4, 5 and 6 respectively. The analysis of the
objectives in this study included any child who entered the survey in cycle 1 (in the
longitudinal cohort), was age 10 or 11 in cycle 4 and replied to the survey in cycles 5 and
6. Children with missing predictor information in baseline cycles or missing outcome
information at age 14/15 were removed to determine the longitudinal sample (n=462), A
cross-sectional sample was also created. The cross-sectional sample was generated by
excluding children from the longitudinal sample that were missing predictor or outcome
information in any cycle (n=257). Children living independently were also excluded from
all analyses (n=11).

3.4 Measures
Please refer to Table 3.1 for a summary of all variables and how they were re-coded for
analysis in the current study. Variables that are not hypothesized to be linearly associated
with the outcome were categorized based on established cut-offs in the literature.
Variables with no established cut-off were categorized using the following method.
Responses that were in the upper tails of the distributions, which may be considered
‘severe’ or outside of ‘normal’, such as those below the 10th percentile or beyond the 90th
percentile, could potentially be at higher risk for the outcome and therefore were
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dichotomized to represent the possible risk associated with this group. Variables that
were approximately Gaussian, were left as continuous.

3.4.1 Outcome Measure
Internalizing symptoms were measured using a seven-item emotional disorder and
anxiety scale composed of items from the Ontario Child Health Study emotional disorder
scale (114).The scale is derived from DSM‐III and DSM‐IV criteria and its psychometric
properties have been evaluated (114,117). A factor analysis was carried out to assess the
psychometric properties of this scale for the NLSCY population; it was found to have
acceptable reliability, reporting a Cronbach’s alpha of 0.760 (118). This scale was
administered to the adolescent as part of the youth self-complete questionnaire. Scores
ranged from 0 to 14 based on their responses, with higher scores indicating higher
internalizing problems. Internalizing problems was analyzed as a continuous variable.

3.4.2 Exposure Variables

Sleep Duration
Sleep duration was assessed by the PMK’s response to the following question: “How
many hours a day does this child sleep on average? Include both daytime naps and sleep
at night". Sleep duration was measured at age 10/11 and 12/13, but was not available at
14/15. PMK reported sleep duration was analyzed as a continuous variable.

Difficulties Sleeping
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Participants were asked to report how often they have had difficulties sleeping during the
past 6 months. This question offered five response options: seldom or never, about once a
month, about once a week, more than once a week, most days. Categories were collapsed
for regression analysis, with respondents placed into one of the following two categories.
Responses of "seldom or never/about once a month/about once a week," were considered
“no difficulties sleeping” and responses of "more than once a week/most days" were
considered “difficulties sleeping” for appropriate cell size. Difficulties sleeping was
measured at age 12/13 and 14/15, but not 10/11 years old. Adolescents were placed into
the following groups based on self-reporting difficulties sleeping at age 12/13 and 14/15
in order to categorize change in difficulties sleeping; high-persistent (difficulties sleeping
"more than once a week/most days" at both time points), high-decreasing (difficulties
sleeping "more than once a week/most days" and “seldom or never/about once a
month/about once a week" at age 12/13 and 14/15 respectively), low-persistent
(difficulties sleeping “seldom or never/about once a month/about once a week at both
time points) and low increasing (reverse of high decreasing) .

3.4.4 Covariates

Neighbourhood and Peers
Neighbourhood safety was measured using specific questions from the Simcha-Fagan
Neighbourhood Questionnaire, revised by Dr. Jacqueline Barnes(119). Neighbourhood
cohesion was also measured using specific sections of the neighbourhood questionnaire
mentioned above. All the scores were reversed, then summed to determine a final score.
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A low score on either scale would indicate low neighborhood cohesion or safety.
Neighbourhood safety and neighbourhood cohesion were both measured as continuous
variables.

Peer relations were measured in this survey via four questions that assess how well the
child feels they get along with his/her peers. The final score was derived by totaling the
values of all items and ranged from 0 to 16. A score of 0 indicates that the respondent
does not have many friends and does not have positive relations with other children. Peer
relations was categorized at the 10th and 90th percentile for analysis based on the literature
stating that those at the ‘extreme’ ends of the distribution are at higher risk of having
difficulties sleeping and short sleep duration, however no cutoff has been established.
Respondents ≤10th percentile, 11-89th percentile and ≥90th percentile were considered to
have ‘low peer relations’, ‘moderate peer relations’ and ‘high peer relations’,
respectively.

Family Resources/Demographics
Household income was based on the participant’s self-reported best estimate of their total
household income from all sources in the past 12 months. Respondents were placed into
the categories "low income" or "not low income," derived by the weighted ratio of their
total household income to the low-income cut-off associated with their household size
and community size. The low-income cut-off was based on data from the Survey of
Labour and Income Dynamics. Missing income data were imputed using various forms of
nearest neighbour imputation.
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PMK’s highest level of education was obtained from a 5 category variable but was
collapsed into the following three categories due to cell size: “Less than
secondary/secondary graduation," "some post-secondary," "college/university/other."
PMKs were also asked how they would best describe the race or colour of their child.
Race of the child was classified as a binary variable indicating whether the child was
white or non-white; a high proportion of respondents were white and analyzing every
ethno-racial group would result in very small or insufficient cell sizes according to
statistics Canada releasing guidelines (118).
PMK self-reported depression was measured using a shortened version of the Center for
Epidemiology Studies Depression Scale, developed for the NLSCY. Each response item
was assigned a score of 0 to 3 (scorers were reversed for three questions which had
negative loading). Total scores ranged from 0 to 36 with higher scores indicating more
depressive symptoms. To create a cutoff that indicated clinical depression, the 12-item
score was dichotomized at a score proportion to that of the cutoff of the 20-item CES-D
where scores range from 0-60 and a score at or above 16 represents presence of
depression. This strategy was in accordance with other studies using the 12 item scale
(120,121)

Family Processes and Family Functioning
Negative parenting practices were measured using an adaptation of the Parent Practices
Scale by Strayhorn and Weidman (122).The two scales used were the ineffective
parenting scale and the rational parenting scale with Cronbach’s alphas of 0.65 and 0.57
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respectively (118). The rational parenting scale was reverse coded for analysis and
combined with the ineffective parenting scale, in accordance with similar studies using
this survey data(105). Higher scores on this scales reflect more ineffective (i.e., more
hostile and ineffective interactions), and less rational (i.e., more punitive and aversive
interactions) parenting. The scale was dichotomized at the 90th percentile, to indicate the
10% of the sample hypothesized to be at risk. Family functioning was measured using a
12‐item version of the McMaster Family Assessment Device (123) to measure problemsolving, communication, roles, involvement, affective responsiveness and behavioral
control among family members (Cronbach’s alpha =0.87). In accordance with similar
studies using this measure, some scores were reversed to provide a measure of family
dysfunction (105). Scoring is on a 4 point scale (1= strongly agree, 4= strongly
disagree). Final scores were derived by dividing the total score by 12 (the number of
items). A cutoff score (previously assessed for adequate specificity and sensitivity) of
2.00 was used to identify poor vs. not poor functioning (124).

Health-Related Behaviours
Participation in organized physical activity was based on participants’ self-reported
frequency of playing sports or participating in physical activity with a coach or instructor,
other than in gym class within the past 12 months. Participation in unorganized physical
activity was based on participants self-reported frequency of playing sports or
participating in physical activity without a coach or instructor within the past 12 months.
For both organized and unorganized physical activity variables, responses were collapsed
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into the following categories “less than once a week”, “one to three times a week”, and
“four or more times a week”.

Time spent watching tv or videos and time spent on the computer per day were based on
the participant’s self-report. Response to the following questions: “on average, about how
many hours a day do you watch TV or videos?” and “on average, about how many hours
a day do you spend on a computer (doing work, playing games, e-mailing, chatting,
surfing the Internet, etc.)?” respectively. Responses were collapsed from 6 categories into
the following 3 categories for adequate cell size; Less than 1 hour a day, 1 to 2 hours a
day and 3 or more hours per day.

3.5 Data Analysis
SAS ® (version 9.3, SAS Institute, Cary, NC, 2004) was used to conduct the analysis.
The level of statistical significance used was p<0.05 (two-tailed). The entire analysis is
stratified by participant sex.

3.5.1 Statistical Analysis
Longitudinal survey weights were applied to the dataset to reinstate an accurate
representation of the population. Longitudinal survey weights are a calculated average
number of children each respondent represents. Longitudinal survey weights were
calculated by inversing the probability of selection, followed by adjusting for missingness
and post-stratification of sex, age, and province. Fittingly, longitudinal survey weights
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can be applied even in the case that a child fails to respond in a cycle. Also, Bootstrap
weights were applied for improved variance estimation.

3.5.2 Univariate and Univariable Analysis
Upon receiving access to the data, frequencies, distributions and cell sizes of variables
were inspected. Covariates were stratified by the main predictors and by sex to determine
if there was adequate cell size for release of data by Statistics Canada. When necessary,
categories were collapsed to meet the minimum cell size requirements set by Statistics
Canada (minimum of 5 respondents per cell). Univariable linear regression was used to
assess the unadjusted and adjusted weighted associations between the covariates and the
outcome. Linear regression assumptions were checked; details are outlined in Appendix
A. The data were weighted using longitudinal weights and bootstrap weighting.

3.5.3 Multivariable Analysis
Multivariable regression was used to assess the adjusted association between the main
predictors and the outcome. Similar to the univariable analysis, the regression was
weighted using longitudinal weights and bootstrap weighting. Covariates were entered
into the model in a block-wise fashion based on conceptual categories: Neighbourhood
and peers, family resources and demographics, proximal family processes and
functioning, and health-related behaviors (125). After inclusion of each block, the model
was reduced by backward elimination with a p-value set at p≤0.20. Main predictors of
interest such as sleep duration, difficulties sleeping and change in difficulties sleeping
were included in their respective models regardless of statistical significance.
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3.5.4 Interaction Analysis
In order to address objective 3, interaction terms for family functioning with each sleep
variable (difficulties sleeping and sleep duration) were introduced into the final
regression models. Sleep duration was centered prior to being entered into the model for
ease of interpretation and to reduce multicollinearity among the interaction term and
lower order terms. The analyses were again weighted with longitudinal weights and
bootstrap variance estimation. To decrease the risk of inflating the type-1 error rate,
presence of a statistically significant association with the outcome in a subgroup will not
be sufficient to determine interaction. The subgroup-specific regression coefficients will
be tested for statistical difference. (126)
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Table 3.1 Summary of original variables and recoding from the NLSCY

Variable

Sleep Duration

Difficulties
sleeping

Internalizing
problems

Race

Parent education

Income

Cycle

Original Question

Original Response
Categories

4,5

Exposure
How many hours a day does
this child sleep on average?
Open
Include both daytime naps and
sleep at night.

5,6

During the past 6 months, how
often have you had the
following? ...difficulties
sleeping

4,5,6

4

4,5,6

4,5,6

Seldom or Never,
About Once a Month,
About Once a Week,
More Than Once a
Week, Most Days

Outcome
Emotional Disorder and
Anxiety Scale (7 questions
taken from Ontario Child
Health Study)
i) I am unhappy or sad ii)I am
Never or Not True,
not as happy as other people
Sometimes or
iii) I am too fearful or nervous
Somewhat True, Often
iv) I worry a lot
or Very True
v) I cry a lot
vi)I am nervous high strung or
tense
vii) I have trouble enjoying
myself
Indivi dual level Factors
White, Chinese, South
Asian, Black,
Native/Aboriginal
people, Arab/West
How would you best describe
Asian, Filipino, South
your race or colour?
East Asian, LatinAmerican, Japanese,
Korean, Other
(specify)

Continuous
Seldom or never / about
once a month/ about once a
week
More than once a week/ most
days

Continuous
Total score ranges from 0 to
14; higher scores indicate
more internalizing problems.
Used the unstandardized
score as a continuous
variable.

White
Other
Re-categorized for sufficient
cell sizes

Less than
secondary/Secondary
graduation
Some post-secondary
College/University Other
Low income
Not low income

What is the highest level of
education that you have ever
attained?
What is the best estimate of
your total household income
from all sources in the past 12
months, that is the total income
from all household members?

Recoded Categories and
comments
Bold=reference category

Open

Derived income cut-off based
on size of area of residence,
and number of people living in
household, then created ratio
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to income cutoff
Family level factors

Family
Functioning

4,5,6

12‐item version of the
McMaster Family Assessment
Device (Miller et al., 1985)
measuring problem solving,
communication, roles, affective
involvement, affective
responsiveness and behavioral
control among family
members.

Strongly Agree,
Agree, Disagree,
Strongly Disagree

Poor Functioning
Not Poor Functioning
Original total score ranged
from 0 to 36 ; higher scores
indicated better family
functioning.
90th %ile
<90 th % ile

Negative
parenting

Parent
depression

4

4,5,6

Composite parenting practices
scale from ineffective
parenting scale and irrational
parenting scale.

Strongly Agree,
Agree, Disagree,
Strongly Disagree

12-item short-form of the
Center for Epidemiologic
Studies Depression scale
(Radloff, 1977).

Rarely or none of the
time, Some or a little
of the time,
Occasionally or a
moderate amount of
the time, Most or all of
the time

Original total score ranged
from 0-28 for hostile and 0-20
for rational ; higher scores
reflect more ineffective (i.e.,
more hostile and ineffective
interactions), less rational
(i.e., more punitive and
aversive interactions)
parenting. Adaptation of the
Parent Practices Scale of
Strayhorn and Weidman(122).
Depressed
Not Depressed
Original total score ranges
from 0 to 36; higher scores
indicate more depressive
symptoms.

Interpersonal level factors

Peer relations

4,5,6

i)I have many friends
ii) get along easily with others
my age
iii) others my age want to be a
friend
iv) most other my age like me

False, Mostly false,
Sometimes
true/sometimes false,
Mostly true, True

Neighborhood level factors

90th %ile
10-89 th% ile
<10th %ile
Total score ranges from 0 to
16; higher scores indicate
more friends and more
positive relationships with
other children.
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Continuous

Neighbourhood
safety

Neighbourhood
cohesion

TV watching

Computer time

Organized
Physical
Activity

4,5,6

4,5,6

i)Is it safe to walk in your
neighbourhood after dark
ii)Is it safe to play outside
during day in your
neighbourhood
iii) There are safe parks,
playgrounds and play spaces in
this neighbourhood

i) In your neighbourhood,
neighbours deal with problems
together
ii) In your neighbourhood,
there are adults for children to
look up to
iii) In your neighbourhood,
people are willing to help each
other
iii) In your neighbourhood,
adults watch out that children
are safe
iii) When you're away,
neighbours watch for trouble

4,5,6

On average, about how many
hours a day do you watch TV
or videos?

5,6

On average, about how many
hours a day do you spend on a
computer (doing work, playing
games, e-mailing, chatting,
surfing the Internet, etc.)?

4,5

In the last 12 months, how
often have you taken part in the
following activities other than
in class). Played sports or done
physical activities WITH a
coach or an instructor (e.g.,
intramural sports or sports at
lunchtime)?

Total scores ranges from 0 to
41; higher scores higher level
self- reported neighbourhood
safety.
Strongly agree, Agree,
Disagree, Strongly
disagree

All the score values were
reversed. The final score was
derived by totaling the values
of all items with non-missing
values. Revised version of the
Simcha-Fagan
Neighbourhood Questionnaire
( =0.701).

Continuous

Strongly agree, Agree,
Disagree, Strongly
disagree

I don’t watch TV or
videos, Less than 1
hour a day, 1 to 2
hours a day, 3 to 4
hours a day and
greater than 5 hours
per day
Never, Less than 1
hour a day, 1 to 2
hours a day, 3 to 4
hours a day and
greater than 5 hours
per day
Never, less than once a
week, one to three
times a week, four or
more times a week”.

Total scores ranges from 0 to
15; higher scores higher level
of neighbourhood cohesion..
All the score values were
reversed.
Revised version sections of the
Simcha-Fagan
Neighbourhood
Questionnaire. ( =0.883)

“Never, less than 1 hour a
day”
“1 to 2 hours a day”
“greater than 3 hours per day”

“Never, less than 1 hour a
day”
“1 to 2 hours a day”
“greater than 3 hours per day”

“Never/less than once a week”
“one to three times a week”
“four or more times a week”
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Unorganized
Physical
Activity

4,5

In the last 12 months, how
often have you: Played sports
or done physical activities
without a coach or instructor
(e.g. biking, skateboarding,
hiking, skiing, camping, etc.)?

Never, less than once a
week, one to three
times a week, four or
more times a week”.

“Never/less than once a week”
“one to three times a week”
“four or more times a week”
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Figure 3.1 Study Flow Chart
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Chapter 4 – Results
4.1 Sample Characteristics
Please see Figure 4.1 for a flow chart of the selection of the final study samples. There
were 2107, 1868 and 1792 individuals selected for inclusion from cycles 4, 5 and 6
respectively. This study uses these participants to create a cross-sectional sample and
longitudinal sample. Respondents must have answered in all three cycles (n= 941
excluded) to be included in either sample. Respondents with implausible responses to the
sleep duration item (<3 hours) (n=6) were removed. This cutoff was determined in
accordance with previous studies (127,128). Respondents living independently were also
removed (n=11). For the longitudinal sample, respondents with missing main predictor
information in cycle 4 were removed. Of these, there were 993 children who had outcome
information in cycle 6, comprising the final longitudinal study sample. To form the crosssectional sample, respondents with missing main predictor or outcome information in
cycles 4, 5 or 6 were removed. Finally, of these, there were 736 children comprising the
final sample for all cross-sectional analyses.

The characteristics of the final longitudinal study sample can be seen in Table 4.1. The
prevalence of difficulties sleeping “more than once a week/ most days” was nearly stable
for males from age 12/13 to 14/15, with 20.70%, and 19.66% reporting difficulties
sleeping at age 12/13 and 14/15 respectively. In females, the prevalence of difficulties
sleeping “more than once a week/ most days” increases from 16.57%, to 28.26% from
age 12/13 to 14/15 respectively. The PMK-reported mean sleep duration for males was
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9.4 and 9.1 hours at age 10/11 and 12/13, respectively. While for females, the PMKreported mean sleep duration was 9.1 and 9.0 at age 10/11 and 12/13, respectively.

In this sample, the mean internalizing problems score for males was 3.36 (SD 0.21), 2.95
(SD 0.19), and 2.69 (SD 0.21) at age 10/11, 12/13 and 14/15, respectively. The mean
internalizing problems score for females was 3.37 (SD 0.19), 3.36 (SD 0.22), 4.05 (SD
0.21) at age 10/11, 12/13 and 14/15, respectively. The prevalence of negative parenting
was 10.53% and 13.54% for males and females, respectively. Finally, the prevalence of
poor family functioning was 14.39%, 11.15% and 18.15% for females and 14.45%,
11.91% and 12.78% for males in cycle 4, 5 and 6, respectively.

4.2 Objective 1: Is there a Cross-Sectional Association Between Sleep
Duration, Difficulties Sleeping, and Internalizing Problems during
Early adolescence.
Univariable associations are presented in Table 4.2. A summary of the associations from
multivariable analyses are presented in Table 4.6, 4.7 and 4.8. Detailed multivariable
associations demonstrating block-wise entry are presented in Appendix C.

Females
The following is a brief summary of univariable associations with the outcome. At 10 to
11 years old, higher neighbourhood cohesion ( -0.13 [-0.26, -0.01]) and high peer
relations ( -1.40 [-2.17, -0.77]) when compared to those with moderate peer relations,
were statistically associated with lower mean internalizing problems. Participating in
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unorganized physical activity (PA) less than once a week ( 1.17 [0.13, 2.21] and one to
three times a week ( 1.10 [0.35, 1.84]) when compared to participating in unorganized
PA four or more times a week was associated with higher mean internalizing problems.
Among 12 to 13 year olds, using the computer 3 or more hours per day ( 1.15 [ -0.03,
2.33]), compared to less than 1 hour of use per day and having difficulties sleeping (
1.95 [ 1.02, 2.87]) was associated with higher mean internalizing problems. In addition,
living in a low income household ( -1.34 [ -2.36, -0.30]) was associated with lower
mean internalizing problems. Among 14 to 15 year old females; having difficulties
sleeping ( 1.98 [ 0.67, 3.29]), using the computer 1 to 2 hours per day ( 1.09 [ 0.19,
2.00]) and more than 3 hours per day ( 1.55 [0.31, 2.78]), compared to less than 1 hours
per day, was associated with higher internalizing problems on average. Experiencing high
( = -0.58 [-1.34, 0.19]), compared to moderate peer relations was also associated with
higher mean internalizing problems.

In adjusted analyses, sleep duration was not statistically associated with internalizing
problems at age 10/11 ( 0.00 [-0.35, 0.35]) and 12/13 ( 0.012 [-0.47, 0.50]).
Conversely, difficulties sleeping was found to be associated with higher mean
internalizing problems in females at age 12/13 ( 1.95 [1.02, 2.87]) and at age 14/15 (
1.98 [0.67 , 3.29]) in adjusted analyses.

Males
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Univariable associations with the outcome are presented in Table 4.2. A summary of
main associations from multivariable analyses are presented in Table 4.6. Detailed
multivariable associations, including presentation are presented in Appendix C.

The following is a brief summary of univariable associations with the outcome. At 10 to
11 years old, no covariates were associated with the outcome. At 12 to 13 years old, high
peer relations ( -1.43 [-2.21, -0.66]) compared to moderate peer relations was associated
with decreased mean internalizing problems. While, difficulties sleeping ( 1.27 [0.48,
2.06]) was associated with increased mean internalizing problems. At age 14 to 15, low
( 2.31 [ 0.46, 4.17]) compared to high peer relations and spending 3 to 4 hours ( 1.50 [
0.03, 2.97]) compared to less than 1 hour on the computer per day, was associated with
higher mean internalizing problems.

In multivariable analyses, males’ sleep duration was not statistically associated with
internalizing problems at 10 to 11 or 12 to 13 years old. However, difficulties sleeping
was found to be associated with higher mean internalizing problems in males at ages 12
to 13 ( 1.18 [0.36 , 1.11]) but not at age 14 to 15 ( 0.08 [-1.10 , 1.26]) in multivariable
analysis.
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4.3 Objective 2: Do Initial Sleep Duration At 10/11, Initial Self-Reported
Difficulties Sleeping At 12/13 And Change In Self-Reported Difficulties
Sleeping Predict Internalizing Problems At Mid-Adolescence (Age
14/15)?

Univariable associations with the outcome are presented in Table 4.3. A summary of
main associations from longitudinal multivariable analyses are presented in Table 4.9
Detailed multivariable associations are presented in Appendix C.

Females
In multivariable analysis, sleep duration at ages 10 to 11(=-0.43[-0.79, 0.07]) was not
statistically associated with subsequent internalizing problems at age 14 to 15.
However, difficulties sleeping at 12 to 13 was statistically associated (=0.70 [0.28,
1.67]) with subsequent internalizing problems. Change in difficulties sleeping from age
12/13 to 14/15 was associated with higher internalizing problems at 14/15, only in
children in the ‘high-persistent’ difficulties sleeping group ( 1.90 [0.52, 3.92]), in
comparison with the ‘low persistent’ category, while controlling for initial internalizing
problems.

Males
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Univariable associations are presented in Table 4.3. A summary of main associations
from multivariable analyses are presented in Table 4.7. Detailed multivariable
associations are presented in Appendix C.

In multivariable analysis, difficulties sleeping at ages 12 to 13 ( =0.94[0.05,1.84]), but
not sleep duration at 10/11 (= -0.40 [-0.5,0.17]) was associated with internalizing
problems at age 14/15; Change in difficulties sleeping over time was not statistically
associated with internalizing problems at age 14/15.

4.4 Objective 3: Does Family Functioning Modify the Association of
Sleep Duration and/or Difficulties Sleeping with Internalizing
Problems?

Multivariable results for the assessment of interaction between main exposures and
family functioning can be seen in Table 4.8.

Cross-Sectional Associations

Females
Family functioning moderated the association between sleep duration and internalizing
problems at ages 12 and 13 (p<.0001) but not at ages 10 and 11 (p=0.539). Moderation is
supported as the difference between slopes of sleep duration with internalizing problems,
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comparing those with and without poor family functioning at 12 and 13 years old were
statistically different (p=<0.001). Among children with poor family functioning, higher
sleep duration was associated with higher mean internalizing problems (=1.40 SE 0.27),
p<0.05), this association was not significant in others (=-0.16 (0.16), p>0.05).. Family
functioning did not moderate the association between difficulties sleeping and
internalizing problems at either age 12/13 or 14/15.

Males
Similar to females, family functioning moderated the relationship between sleep duration
and internalizing problems at ages 12 and 13 but not 10 and 11. Moderation is suggested
as the difference between slopes (of sleep duration with internalizing problems),
comparing those with and without poor family functioning, were statistica lly different
(p=0.006) in multivariable models. Among children age 12 to 13 whose PMK reported
poor family functioning, higher sleep duration was associated with lower mean
internalizing problems (=0.85 SE 0.29, p<0.05), among those with poor family
functioning. No association was found in others (=0.01 SE 0.25, p>0.05). Family
functioning did not moderate the association between difficulties sleeping and
internalizing problems at any age.
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Longitudinal Associations
Females
Among females, there was no evidence to support an interaction between difficulties
sleeping or sleep duration and family functioning longitudinally.

Males
Similarly to females, there was no evidence to support an interaction between difficulties
sleeping or sleep duration and family functioning longitudinally.
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Table 4.1 Weighted descriptive characteristics of adolescents age 10 to 11, 12 to 13, 14 to 15 in cycle 4, 5 and 6 respectively.
Variable
[scale score]
Main Predictors
Sleep Duration (hours)

Cycle 4 (age 10/11)
(%) or Mean (SD)
Females
Males
9.31 (0.97)

9.44 (0.94)

Cycle 5 (age 12/13)
(%) or Mean (SD)
Females
Males
8.99 (0.91)

9.09 (0.91)

Cycle 6 (age14/15)
(%) or Mean (SD)
Females
Males
---

---

Difficulties Sleeping
Seldom or never / about once a
--month, about once a week
More than once a week, most
--days
Outcome
Internalizing Problems
3.37 (2.40)
Neighbourhood and Peers
Neighbourhood Safety
6.49 (1.83)
Neighbourhood Cohesion
10.33 (3.06)
Peer relations
High (≥90th percentile [≥ 16])
17.75
Moderate (11-89th percentile
65.10
[10-15])
Low (≤10th percentile [≤ 9])
17.15
Family resources/ demographics
PMK Education
<Secondary /Secondary
37.10
Graduation
Some post-secondary
24.10
College, University or other
38.81
Household Income
Not low income
86.96
Low income
13.042
PMK depression
Depressed
11.7

Scale
Range

3-14
N/A

---

83.43

79.30

71.74

80.34

---

16.57

20.70

28.26

19.66

3.36 (2.46)

3.36 (2.78)

2.95 (2.50)

4.05 (2.94)

2.69 (2.57)

0-13

6.51 (1.53)
11.23 (2.14)

6.37 (1.70)
10.92 (2.31)

6.90 (1.43)
11.02 (2.24)

6.52 (1.50)
10.72 (2.34)

6.90 (1.54)
11.49 (2.22)

0-41
0-15
0-16

13.043
67.19

23.90
66.38

17.57
69.11

25.76
65.70

18.93
66.23

19.77

9.73

13.32

8.54

14.84
N/A

34.70

25.70

41.24

44.81

42.82

20.40
44.90

14.25
41.05

12.46
44.80

9.47
45.71

7.86
49.34
N/A

84.79
15.22

82.61
17.40

83.01
16.99

84.52
15.48

89.49
10.51
0-36

13.37

16.659

9.46

15.22

10.04

51
Not Depressed
Race
White
Other
Negative Parenting
≥90th percentile [≥34]
<90th percentile [<34]
Family functioning
Poor Functioning
Not Poor
Health-related Behaviours
Organized Physical Activity
Never/ Less than once a week
1 to 3 times a week
4 or more times a week
Unorganized Physical Activity
Never/ Less than once a week
1 to 3 times a week
4 or more times a week
TV Hours
No TV/ <1 hour per day
1-2 hours per day
>3 hours per day
Computer Hours
No use/less1 hour per day
1-2 hours per day
>3 hours per day

* p<0.05

88.38

86.63

83.34

90.54

84.78

89.6
N/A

91.70
8.30

92.33
7.67

-----

-----

-----

----0-48

13.54
86.46

10.53
89.47

-----

-----

-----

----0-36

14.39
85.61

14.45
85.55

11.57
88.43

11.91
88.09

18.15
81.85

12.78
87.23

25.64
54.99
19.38

37.33
41.03
21.65

30.54
45.26
24.19

30.31
45.19
24.50

-------

-------

N/A

N/A
31.05
39.04
29.91

20.79
28.74
50.47

33.56
42.43
24.01

17.22
32.25
50.53

-------

-------

-------------

-------------

21.64
43.82
34.55

17.66
40.05
42.30

22.87
41.36
35.77

14.02
35.59
50.4

46.78
41.33

45.10
35.16

28.48
45.87

26.08
42.99

---

---

11.90

19.75

25.66

30.93
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Table 4.2 Weighted cross-sectional unadjusted associations between covariates and internalizing problems
Cycle 4
Females
β (95%CI)
0.00 (-0.35,0.35)

Sleep Duration
(hours)
Difficulties Falling
Asleep
Seldom/never/about
--once month/about
once a week
More than once a
--week/ most days
Neighbourhood and
Peers
Peer relations
High (≥90th
-1.40(-2.17, percentile [≥ 16])
0.77)*
Moderate (11-89th
Ref
percentile [10-15])
Low (≤10th percentile
0.76(-0.29,1.80)
[≤ 9])
Neighbourhood
-0.20(-0.41,0.02)
Safety
Neighbourhood
-0.13(-0.26, Cohesion
0.01)*
Family Resources/Demographics
Household Income
Not low income
Ref
Low income
0.75 (-0.57,2.08)
PMK Education

Cycle 5

Males
β (95%CI)
-0.20(-0.68,0.28)

Females
β(95%CI)
0.012(-0.47,0.50)

Cycle 6

Males
β (95%CI)
0.00(-0.44,0.44)

Females
β(95%CI)
---

Males
β (95%CI)
---

---

Ref

Ref

Ref

Ref

---

1.95(1.02,2.87) *

1.27(0.49,2.06) *

1.98(0.67,3.29) *

0.08(-1.10,1.26)

-0.85(-1.77, 0.08)

-0.42(-1.56,0.53)
Ref

-1.00(-1.98,
0.03) *
Ref

-0.58(-1.34,0.19)

Ref

-1.43(-2.21, -0.66)
*
Ref

0.73(-0.12, 1.64)

1.49(0.08, 2.91)*

0.64(-0.75, 2.04)

2.31(0.46,4.17) *

-0.05(-0.29,0.19)

0.11(-0.21,0.43)

-026(-0.55,0.33)

1.82(0.09, 3.56)
*
-0.03(-0.29,0.23)

-0.04(-0.21,0.13)

0.00 (-0.23,0.23)

-0.17(-0.38,0.04)

0.12(-0.14,0.37)

0.08(-0.15,0.31)

Ref
0.10 (-0.46,2.46)

Ref
-1.34(-2.36,0.30)*

Ref
0.34 (-0.69,1.37)

Ref
-0.02 (2.04,2.01)

Ref
2.10(-0.23,4.44)

Ref

-0.08(-0.35,0.19)
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<Secondary/Sec.Gra
0.88(-0.13,1.88)
duation
Some post-secondary
0.16(-0.79,1.11)
College, University
Ref
or other
PMK depression
Depressed
1.21(-0.24,2.69)
Not depressed
Ref
Age
(10, 12, 14
Ref
respectively)
(11, 13, 15
-0.07(-0.83,0.68)
respectively)
Family Processes/Functioning
Negative Parenting
≥90th percentile
-0.19(-1.24,0.85)
[≥34]
<90th percentile
Ref
[<34]
Family Functioning
Poor functioning
0.26 (-0.52, 1.04)
Not poor
Ref
Health-related
Behaviours
Organized Physical
Activity
Never/ Less than
-0.53(-0.12,1.96)
once a week
1 to 3 times a week
0.62 (-0.20,1.43)
4 or more times a
Ref
week
Unorganized
Physical Activity
Never/ Less than
1.17(0.13,2.21) *
once a week

-0.69(-1.79,0.42)

-0.31(-1.40,0.77)

-0.15(-1.19,0.90)

-0.58(-1.44,0.29)

-0.08(-1.12,0.95)

-0.49(-1.34,0.37)
Ref

-0.26(-1.48,0.96)
Ref

0.38(-0.65,1.42)
Ref

0.92(-0.36,2.20)
Ref

0.27(-0.87,1.41)
Ref

0.15(-1.26,1.55)
Ref

0.04(-1.91,1.99)
Ref

-0.22(-0.10,0.55)
Ref

0.64(-1.32,2.60)
Ref

1.75(-0.50,4.00)
Ref

Ref

Ref

Ref

Ref

Ref

0.55(-0.30,1.39)

0.11(-0.80,1.02)

-0.29(-1.06,0.48)

0.26(-0.70,1.21)

-0.35(-1.24,0.54)

-0.32(-1.38,0.74)

0.23(-0.84,1.30)

-0.72(-2.03,0.59)

0.61(-0.76,1.99)

-0.51(-1.73,0.70)

Ref

Ref

Ref

Ref

Ref

-0.73 (-1.49, 0.02)
Ref

0.86(-0.19, 1.92)
Ref

0.58(-0.31,1.47)
Ref

0.29(-0.67, 1.25)
Ref

0.84(-0.20, 1.89)
Ref

-0.53(-1.62, 0.57)

0.83(-0.42,2.08)

-0.27(1.67,1.13)

0.20(-1.26,1.65)

0.15(-0.99,1.73)

-0.16 (-1.25,0.93)
Ref

0.50(-0.50,1.50)
Ref

0.16(-1.09,1.40)
Ref

0.02(-1.06,1.10)
Ref

0.09(-1.55,1.19)
Ref

0.08(-0.90,1.04)

0.02(-1.05,1.09)

1.25(-0.18,2.68)

-0.32 (1.68,1.05)

-0.07(-1.72, 1.10)

54
1 to 3 times a week

1.10 (0.35,1.84) *

0.37(-0.55,1.28)

-0.39(-1.40,0.62)

0.16(-0.76,1.08)

4 or more times a
week
TV Hours
No TV/ <1 hour per
day
1-2 hours per day
>3 hours per day

Ref

Ref

Ref

---

---

-----

Computer Hours
No use/less1 hour
per day
1-2 hours per day
>3 hours per day
* p<0.05

-0.90(-1.46,0.92)

Ref

-0.35 (1.54,0.84)
Ref

Ref

Ref

Ref

Ref

-----

0.60(-0.53,1.72)
1.03(0.00,2.05)*

-0.06(-1.67,1.56)
-0.62(-2.35, 1.10)

0.26(-1.23,1.75)
-0.09 (1.42,1.24)

-0.08 (-2.06,1.89)
-0.23 (-2.08,1.60)

---

---

Ref

Ref

Ref

Ref

-----

-----

0.80(-0.14,1.74)
1.15 (-0.03,2.33) *

-0.79(-1.70,0.11)
0.28 (-1.17,1.74)

1.09(0.19,2.00) *
1.55 (0.31,2.78)*

-0.38 (-1.08,0.33)
1.11 (-0.03,2.26)

Ref
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Table 4.3 Univariable associations of covariates at 10-11 years old with internalizing problems at 14-15 years old; results of
linear regression analyses

Internalizing Problems

Sleep Duration (hours)
Difficulties Falling Asleep
Seldom or never / about once a month/ about once a week
More than once a week/ most days
Family Resources/Demographics
PMK Education
<Secondary/Sec.Graduation
Some post-secondary
College, University or other
PMK depression
Depressed
Not Depressed
Household Income
Not low income
Low income
Neighbourhood and Peers
Peer relations
High (≥90th percentile [≥ 16])
Moderate (11-89th percentile [10-15])
Low (≤10th percentile [≤ 9])
Neighbourhood Safety
Neighbourhood Cohesion
Family Processes/Functioning
Negative Parenting
≥90th percentile [≥34]

Females
β (95%CI)
-0.36(-0.65, -0.06) *

Males
β(95%CI)
-0.04(-0.58,0.50)

Ref
1.43(0.52,2.35) *

Ref
1.16(0.24,2.07) *

-0.07(-1.09,0.96)
-0.35(-1.47,0.76)
Ref

-0.54(-1.57,0.50)
-0.11(-1.06,0.83)
Ref

-0.39(-1.24,0.44)
Ref

0.45(-0.93 ,1.91)
Ref

Ref
0.62 (-0.92,2.15)

Ref
0.40 (-0.96,1.76)

-0.56 (-1.49, 0.35)
Ref
0.77 (-0.29,1.84)
-0.09(-0.31,0.13)
0.11(-0.03,0.25)

-0.74(-1.66,0.18)
Ref
0.27 (-0.61,1.16)
-0.09 (-0.26,0.08)
0.12 (-0.11,0.34)

0.52 (-0.52,1.56)

-0.44 (-1.54,0.65)
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<90th percentile [<34]
Family functioning
Poor Functioning
Not Poor
Health-related Behaviours
Organized Physical Activity
Never/Less than once a week
1 to 3 times a week
4 or more times a week
Unorganized Physical Activity
Never/Less than once a week
1 to 3 times a week
4 or more times a week
Screen Time
TV Hours
No TV/ <1 hour per day
1-2 hours per day
>3 hours per day
Computer Hours
No use/less1 hour per day
1-2 hours per day
>3 hours per day

* p<0.05

Ref

Ref

-0.32 (-1.13, 0.48)
Ref

-0.34 (-1.04, 0.36)
Ref

0.06 (-1.22,1.35)
-0.41(-1.47,0.66)
Ref

0.34 (-0.55,1.23)
1.07 (0.15,2.00) *
Ref

0.04 (-1.27,1.34)
0.10 (-0.85,1.05)
Ref

0.07 (-0.93,1.07)
-0.30 (-1.20,0.60)
Ref

Ref
0.05(-0.99,1.09)
0.75(-0.25,1.76)

Ref
0.10(-1.47,1.66)
-0.83(-2.25,0.58)

Ref
0.41(-0.38,1.19)
2.45(0.76, 4.15) *

Ref
-0.60(-1.57,0.38)
-1.19(-2.13, -0.25) *
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Table 4.4 Weighted prevalence (%) of self-reported difficulties falling asleep more than once a week/most days, across
selected correlates.
Cycle 5

Sleep Duration (hours)
 2 , p value
Neighbourhood and Peers
Peer relations
High (≥90th percentile [≥ 16])
Moderate (11-89th percentile
[10-15])
Low (≤10th percentile [≤ 9])
 2 , p value
Neighbourhood Safety Mean
 2 , p value
Neighbour Cohesion Mean
 2 , p value
Family resources/demographics
Household Income
Not low income
Low income
 2 , p value
PMK Education
<Secondary/Sec.Graduation
Some post-secondary
College, University or other
 2 , p value
PMK depression
Depressed

Cycle 6

Females
β (95%CI)

Males
β (95%CI)

Females
β(95%CI)

Males
β (95%CI)

8.89
0.1739

9.0428
0.7205

-----

-----

12.24
15.32

9.97
19.12

19.21
25.07

26.33
18.49

24.54
0.1842
6.3123
0.6612
10.4778

23.6
0.1127
6.9859
0.5996
11.4037

45.23
0.0024
6.4912
0.8452
10.4361

20.37
0.3397
6.3254
0.0008
11.5157

0.2563

0.3553

0.2754

0.8279

15.51
15.9
0.9351

17.29
26.58
0.159

22.55
43.45
0.0006

22.08
8.27
0.0451

10.74
23.84
18.05
0.0403

13.82
32.81
17.53
0.0147

20.05
25.44
31.16
0.0538

16.04
27.36
23.18
0.1777

11.13

+

47.48

28.56
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Not Depressed
 2 , p value
Age
12: cycle 5, 14: cycle 6
13: cycle 5, 15: cycle 6
 2 , p value
Family Processes/Functioning
Negative Parenting
≥90th percentile [≥34]
<90th percentile [<34]
 2 , p value
Family functioning
Poor Functioning
Not Poor
 2 , p value
Health-related Behaviours
Organized Physical Activity
Never/ Less than once a week
1 to 3 times a week
4 or more times a week
 2 , p value
Unorganized Physical Activity
Never/ Less than once a week
1 to 3 times a week
4 or more times a week
 2 , p value
Screen Time
TV Hours
No TV/less 1 hour per day
1-2 hours per day
>3 hours per day
 2 , p value
Computer Hours

16.51
0.2712

+
0.0614

21.9
<.0001

19.6
0.199

17.97
13.08
0.1859

12.95
24.97
0.0038

30.17
22.44
0.0848

17.51
23.45
0.169

21.5
15.14
0.3811

20.44
7.7
0.0213

27.2
25.84
0.8775

51.48
14.35
<.0001

18.68
14.26
0.2741

13.00
20.84
0.0753

18.35
29.77
0.0157

24.35
18.64
0.2105

14.01
18.49
11.98
0.3256

25.52
13.36
17.11
0.0452

27.41
25.93
24.78
0.9127

14.18
25.47
19.79
0.09

20.01
11.9
16.25
0.1637

21.94
22.58
13.33
0.0911

21.62
24.91
34.19
0.1041

31.19
22.74
15.07
0.0184

15.98
7.62
25.10
0.0002

5.68
21.43
21.28
0.0222

27.4
32.82
15.78
0.0034

27.15
13.64
23.28
0.053
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No use/less1 hour per day
1-2 hours per day
3 hours per day
 2 , p value

15.52
15.51
19.11
0.8427

+ inadequate sample size for release from Statistics Canada
--- sleep duration not collected in cycle 6

10.71
18.5
26.83
0.0134

25.05
26.36
26.34
0.966

10.44
22.05
27.55
0.0099
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Table 4.5 Unadjusted cross-sectional associations between covariates and sleep duration among males and females
Cycle 4

Cycle 5

Females
β (95%CI)

Males
β (95%CI)

Females
β(95%CI)

Males
β (95%CI)

---

---

Ref

Ref

---

---

-0.14 (-0.40. 1.12)

-0.07 (-0.66, 0.54)

-0.22 (-0.67, 0.22)

0.06(-0.26,0.37)

0.16(-0.10,0.42)

-0.06(-0.38,0.26)

Ref

Ref

Ref

Ref

Low (≤10 percentile [≤ 9])
Neighbourhood Safety

-0.16(-0.53, 0.19)
0.08(-0.01,0.18)

0.18(-0.26,0.63)
0.09(-0.02,0.20)

-0.56(-0.99,-0.14)*
0.04(-0.06,0.13)

-0.13(-0.57,0.31)
-0.00(-0.10,0.10)

Neighbourhood Cohesion
Family Resources/Demographics
Household Income
Not low income
Low income
PMK Education
<Secondary/Sec.Graduation
Some post-secondary
College, University or other
PMK depression
Depressed
Not Depressed
Age
10 years 12 years
11 years 13 years
Family Processes/Functioning
Negative Parenting

0.07(0.02,0.13) *

0.06(-0.01,0.14)

0.03(-0.02,0.08)

-0.01(-0.08,0.05)

Ref
0.17(-0.48,0.82)

Ref
-0.18(-0.60,0.25)

Ref
0.15(-0.35,0.65)

Ref
-0.41(-0.85,0.03)

-0.16(-0.61,0.28)
0.03(-0.50,0.55)
Ref

0.35(-0.12,0.81)
-0.15(-0.58,0.28)
Ref

-0.17(-0.50,0.16)
-0.05(-0.42,0.32)
Ref

0.14(-0.16,0.44)
0.27(-0.09,0.62)
Ref

0.57(0.02 ,1.12) *
Ref

-0.03(-0.60,0.55)
Ref

0.31(-0.19,0.80)
Ref

0.17(-0.43,0.78)
Ref

Ref
-0.23(-0.54,0.09)

Ref
-0.23(-0.57,0.12)

Ref
-0.49(-0.74, -0.24) *

Ref
-0.16(-0.46,0.14)

Difficulties Falling Asleep
Seldom or never / about once a month/
about once a week
More than once a week/ most days
Neighbourhood and Peers
Peer relations
High (≥90th percentile [≥ 16])
Moderate (11-89th percentile [10-15])
th
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≥90th percentile [≥34]
<90th percentile [<34]
Family functioning
Poor Functioning
Not Poor Functioning
Health-related Behaviours
Organized Physical Activity
Never/ Less than once a week
1 to 3 times a week
4 or more times a week
Unorganized Physical Activity
Never/ Less than once a week
1 to 3 times a week
4 or more times a week
TV Hours
No TV/ <1 hour per day
1-2 hours per day
>3 hours per day
Computer Hours
No use/less1 hour per day
1-2 hours per day
>3 hours per day

* p<0.05

0.14(-0.27,0.55)
Ref

-0.15(-0.57,0.26)
Ref

0.17(-0.27,0.61)
Ref

0.22(-0.14, 0.59)
Ref

-0.52(-0.86,-0.20)*
Ref

-0.09(-0.37,0.18)
Ref

0.20(-0.10,0.51)
Ref

0.25(-0.33,0.84)
Ref

0.11(-0.34,0.56)
0.05(-0.35,0.46)
Ref

0.19(-0.27,0.66)
0.04(-0.32,0.39)
Ref

-0.08(-0.52,0.35)
-0.17(-0.45,0.11)
Ref

-0.10(-0.61,0.41)
0.01(-0.46,0.49)
Ref

-0.25(-0.63,0.13)
0.15(-0.24,0.54)
Ref

-0.05(-0.41,0.32)
-0.19(-0.55,0.18)
Ref

-0.16(-0.51,0.18)
0.22(-0.11,0.55)
Ref

-0.46(-0.86, -0.06)
-0.16(-0.55,0.22) *
Ref

Ref
-0.03(-0.47,0.41)
-0.19(-0.68,0.29)

Ref
-0.68(-1.27, -0.10) *
-0.94(-1.45, -0.42) *

Ref
-0.12(-0.49,0.25)
-0.18(-0.57,0.21)

Ref
-0.13(-0.51,0.24)
-0.30(-0.74, 0.14)

Ref
0.30(-0.06,0.66)
0.07(-0.34,0.47)

Ref
-0.02(-0.44,0.40)
-0.13(-0.51,0.25)

Ref
-0.00(-0.32,0.32)
-0.30(-0.65,0.05)

Ref
-0.04(-0.42,0.33)
0.04(-0.54,0.63)
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Table 4.6 Cross-sectional multivariable associations in 10/11 year olds; Adjusted ’s for
associations between sleep duration and internalizing problems
Concurrent internalizing problems

Sleep duration at 10/11 years

Females
Adjusted  (95% CI)
0.10(-0.23,0.44)a

Males
Adjusted  (95% CI)
-0.22 (-0.74,0.30)b

* p<0.05
a: controlling for neighbourhood cohesion, peer relations, PMK depression, organized
physical activity, unorganized physical activity, computer hours
b: controlling for peer relations, household income, family functioning
Note: Difficulties sleeping was not available at this age.
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Table 4.7 Summary of cross-sectional multivariable associations of 12/13 year olds;
Adjusted ’s for associations between sleep duration, difficulties sleeping and
internalizing problems
Concurrent internalizing problems

Sleep duration at 12/13 years
Difficulties Sleeping at 12/13 years
* p<0.05
a: controlling
b: controlling
c: controlling
d: controlling

Females
Adjusted  (95% CI)
0.28(-0.19,0.74)a
1.77(0.94,2.61)c*

Males
Adjusted  (95% CI)
0.04(-0.40,0.49)b
1.18 (0.36,2.01)d*

for difficulties sleeping, peer relations, household income
for difficulties sleeping, peer relations and computer hours
for sleep duration, peer relations, household income
for sleep duration, peer relations and computer hours
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Table 4.8 Summary of cross-sectional multivariable associations in 14/15 year olds;
Adjusted ’s for associations between difficulties sleeping and internalizing problems
cross-sectionally
Concurrent internalizing problems

Difficulties Sleeping at 14/15 years

Females
Adjusted  (95% CI)
1.62(0.44,2.80)a *

* p<0.05
a: controlling for peer relations, PMK education, computer hours
b: controlling for peer relations, household income, computer hours
Note: Sleep duration was not available at this age

Males
Adjusted  (95% CI)
0.16 (-0.78,1.11)b
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Table 4.9 Summary of longitudinal multivariable results; Adjusted ’s for associations
between sleep duration, difficulties sleeping and internalizing problems longitudinally
Internalizing symptoms at 14/15 years old
Females
Males
Adjusted  (95% CI)
Adjusted  (95% CI)
-0.43(-0.79, -0.07) a
-0.18(-0.54,0.17)b

Sleep duration at 10/11 years
old
Difficulties sleeping at 12/13
0.70(0.28,1.67)*c
0.94(0.05,1.84)*d
years old
Change in difficulties sleeping from 12/13 to 14/15
High-persistent
1.90(0.52,3.29) *e
0.61(-1.24,2.45)f
High-decreasing
1.21(-1.41, 2.56)
0.94(-0.46,2.35)
Low-increasing
0.21(-1.02, 1.45)
-0.23(-1.67,1.22)
Low-persistent
Ref
Ref
*p<0.05
a: controlling for family functioning, computer hours and baseline internalizing problems
b: controlling for computer hours and baseline internalizing problems
c: controlling for family functioning, computer hours and baseline internalizing problems
d: controlling for computer hours and baseline internalizing problems
e: controlling for peer relations, computer hours and baseline internalizing problems
f: controlling for computer hours, organized physical activity and baseline internalizing
problems
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Table 4.10 Assessment of interaction between main exposures (sleep duration and
difficulties sleeping) and potential effect modifiers (family functioning) in cross-sectional
analyses

*p<0.05
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Table 4.11 Assessment of interaction between main exposures (sleep duration and
difficulties sleeping) and potential effect modifiers (family functioning) in longitudinal
analysis
Internalizing Problems

Sleep Duration at 10/11
and poor family functioning
and not poor family functioning
Difficulties Sleeping at 12/13
and poor family functioning
and not poor family functioning
Change in difficulties Sleeping
and poor family functioning
and not poor family functioning

*p<0.05

Females
Adjusted
 (SE)

Difference
in slopes
P value

Males
Adjusted
 (SE)

Difference
in slopes
P value

-0.15 (0.31)

0.061

-0.04 (0.22)

0.364

-0.83 (0.30) *
0.66 (0.74)

0.18 (0.20)
0.737

0.91 (0.57)
0.12 (1.14)
-0.60 (0.91)

1.33 (0.64)

0.396

0.87 (0.55)
0.540

0.77 (1.01)
1.70 (0.92)

0.423
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Chapter 5 – Discussion
5.1 Objective 1: Is there a Cross-Sectional Association Between Sleep
Duration, Difficulties Sleeping, and Internalizing Problems During
Adolescence?

This study found no association between sleep duration and internalizing problems crosssectionally for either males or females. Although these findings differ from previous
studies that look at sleep duration and internalizing problems (or emotional regulation)
cross-sectionally (48,50,129,25), others have also found no association (7). The following
outlines several reasons that might have contributed to a lack of a statistically significant
relationship in this study. Firstly, there was low variation among sleep duration
distributions with 9.31 (SD 0.97) and 9.44 (SD 0.94) mean hours of sleep duration per
night reported in cycle 4 and 9.09 (SD 0.91) and 8.99 (SD 0.91) mean hours of sleep per
night reported in cycle 5 for females and males, respectively. The lack of variance in the
reported sleep duration may bar detectable effects in regression analyses. Secondly, ideal
sleep duration varies somewhat according to the individual (28,58). These variabilities
stem from differences in genetics, social and cultural contexts. Therefore, sleeping for
longer or shorter periods of time may not necessarily result in internalizing problems.
Lastly, in this study, sleep duration was parent-reported which tends to overestimate sleep
duration in comparison to some objective measures (130,131). However, it should be
noted that a study from Japan indicated a high correlation between parent-reported and
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objective sleeping hours, demonstrating that this measure may still be reliable for studies
requiring relative differences in sleep duration among a study sample (131). In addition,
it is possible that the relationship between sleep duration and internalizing problems is
visible only when stratified into relevant groups. Therefore, if the literature supports
possible effect modification, results should be stratified to better understand associations.
In the current study, family functioning was found to modify this relationship, as sleep
duration and internalizing problems were positively associated in adolescents with poor
family functioning only (see section 5.3).

Difficulties sleeping was associated with internalizing problems cross-sectionally at ages
12 and 13 and at 14 and 15 for females, consistent with previous research demonstrating
a cross-sectional association between insomnia symptoms and internalizing problems
(3,7). Among males, difficulties sleeping was associated with internalizing problems
cross-sectionally at ages 12 and 13 but not at 14 and 15. The lack of significant findings
in males age 14 to 15 was surprising as it is not consistent with previous literature that
hints at a stronger association between insomnia and internalizing problems with
increasing age (41). However, due to the lack of previous studies stratifying the analysis
by sex, further comparison is hindered. It is possible that observed sex differences may be
due in part to females’ higher vulnerability to depressive symptoms in adolescence (16).
Among the significant relationships, difficulties sleeping accounted for a small to
moderate proportion of the variance in predicting internalizing (R2 ranges from .15 to
.23). Nevertheless, in the multivariable analyses, difficulties sleeping was as strong a
correlate of internalizing problems as some well-established risk factors, including
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maternal depression. It is also important to note that several social context variables not
commonly included in other literature, such as peer relations, were also strong predictors
of internalizing problems.

These findings may indicate that sleep duration alone may not be a sufficient marker of
inadequate sleep and that effort should be made by parents and physicians to also
evaluate and consider the presence of difficulties sleeping among adolescents. As
mentioned previously, it is possible that different optimal sleep durations exist for
different individuals.

5.2 Objective 2: Do Initial Sleep Duration, Initial Self-Reported
Difficulties Sleeping and Change in Self-Reported Difficulties Sleeping
in Early Adolescence and Over Time, Respectively Predict Internalizing
Problems at Mid-Adolescence (Age 14/15)?

This study addresses a gap in the literature by assessing relations between sleep and
internalizing problems among a specific developmental period (41). No association
between sleep duration and subsequent internalizing problems longitudinally was found
for either males or females from age 10/11 to 14/15. These findings differ from previous
studies assessing sleep duration and internalizing problems or emotional problems in
other age groups, that indicate a relationship exists (48,50,129,25). However, some
studies have also found no association longitudinally (7,54,55). Possible reasons for the
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lack of statistical association between sleep duration and subsequent internalizing
problems are mentioned previously in the discussion of cross-sectional analyses.

An association was found between difficulties falling asleep at ages 12 and 13 and
subsequent internalizing problems at 14 and 15 in males (= 0.94 [0.05, 1.84]) and
females (= 0.70 [0.28, 1.67.]) after controlling for initial internalizing symptoms. These
findings are consistent with previous literature in younger children that hints at a
predictive association between difficulties sleeping and subsequent internalizing
problems (3,41). However, effect sizes from the current study of young adolescents
appear to be stronger.
The longitudinal results are also novel by demonstrating the role of changes in
difficulties sleeping in predicting adolescent internalizing problems from ages 12 and 13
to 14 and 15, while controlling for initial internalizing problems. Among males, no
statistically significant association was found between changes in difficulties sleeping
and changes in internalizing problems. However, among females, those with highpersistent and low-increasing difficulties sleeping, had higher final mean internalizing
problems, while controlling for initial internalizing problems. Research in the brain
supports these findings; insomnia is linked to reduced functioning of the PFC which is
responsible for emotional regulation (132), which may then put adolescents at risk for
internalizing problems (61). During early adolescence, the PFC develops rapidly,
especially during sleep. Therefore, the effects of insomnia may be detrimental to
adolescents’ mental health. Findings in the high-persistent group suggest that difficulties
sleeping accumulated over time, do in fact predict an increase in internalizing problems
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over time in females. Gender differences may be due to females’ increased likelihood to
develop depressive symptoms during early adolescence (16). Risk factors for increasing
symptoms of depression among females at this developmental period are not well defined
in the literature, and findings suggest that consideration of difficulties sleeping is
justified.

5.3 Objective 3: Does Family Functioning Modify the Association of
Sleep Duration and/or Difficulties Sleeping with Internalizing
Problems?

In addition to assessing cross-sectional and longitudinal links between sleep and
adjustment, this study uniquely assessed family functioning as a potential moderator of
the association between sleep and internalizing symptoms in the young adolescent
population.

In this study, family functioning did not moderate the relationship between difficulties
sleeping and internalizing problems cross-sectionally and longitudinally for neither males
or females in most analyses. Given the number of analyses, it is possible that the
significant associations arose spuriously. The significant associations included the
relationship between sleep duration and internalizing problems cross-sectionally in
females and males at ages 12 to 13, who’s PMK reported poor family functioning.
Although, this relationship was not significant at ages 10 to 11. More specifically, among
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adolescents ages 12 to 13 with PMK reported poor family functioning, higher sleep
duration was associated with higher internalizing symptoms. As well, among females, the
effect size was somewhat larger than males (B=1.40 SE 0.27 and B= 0.85 SE 0.29,
respectively). These findings are consistent with dual risk perspective, where a
vulnerability such as poor family functioning can exacerbate an association, in this case,
between sleep duration and internalizing symptoms (108). However, these findings are
particularly surprising as it is hypothesized that sleep duration is negatively associated
with internalizing symptoms in adolescents, rather than positively associated (5). The
following outlines several reasons that may have contributed to these findings. First, as
mentioned previously, there is a possibility that these are spurious findings given the
number of associations analyzed. Secondly, in adults, longer sleep duration has been
found to be associated with poorer mental health (133). It is possible this association is
also present in adolescents. Thirdly, in this study, sleep duration is parent-reported rather
than self-reported or objectively reported, which has been shown to be less accurate.
When predicting future internalizing problems, no interaction was found between family
functioning and initial sleep duration, when controlling for initial internalizing symptoms.

Differential findings between females and males may be attributable to sex differences in
emotional response. Recent research has suggested that family dysfunction and other
social stressors may be a greater risk factor of internalizing symptoms in females than in
males. This increased risk is believed to result from females’ greater sensitivity to
interpersonal and social stressors (16,17,136). As adolescents are at higher risk for
internalizing symptoms than school-age children (137), findings suggest that family
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functioning should be considered when examining adolescent mental health, and
illustrate that certain groups of adolescents may have worse outcomes due to adverse
family conditions.

A model of how family resources, family processes, health-related behaviours and peer/
neighborhood factors contribute to sleep and internalizing problems among adolescents
was proposed. In summary, findings suggest that the pathway linking difficulties sleeping
and internalizing problems cross-sectionally was stronger and more consistent than for
sleep duration. Among school-age children, a similar pattern was found between
children’s sleep duration and insomnia symptoms (including difficulties sleeping) (138)
and internalizing symptoms (139). After stratifying for family functioning, the pathway
linking sleep duration and internalizing symptoms was significant cross-sectionally,
among females and males with poor family functioning only.

5.4 Study Strengths and limitations

A primary strength of this study is the use of nationally collected data. Moreover, these
data were collected using a survey created specifically to examine the development of
children and therefore included detailed information regarding the child’s health and
environment. In contrast with previous research that controlled only for income and
education 9/5/2019 8:25:00 PM we were able to examine the role of family functioning,
parenting and other important social risk factors. As well, this study took into account the
NLSCY survey design by using appropriate statistical methods. Longitudinal survey
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weights and replicate based variance estimation (bootstrapping) was used to account for
stratification and clustering and to produce more conservative variance estimation
(144,145). Finally, all results were stratified by sex. Currently, there are limited studies
evaluating sleep and internalizing problems, that also stratify by sex. Failure to stratify by
sex may overlook important biological and sociocultural differences among the sexes
(15–17).

Limitations of this study include use of self-reported and parent reported sleep duration
and quality data, rather than polysomnography or actigraphy. However, among large
population studies, sleep is always measured using parent or child self-report due to the
number of participants being included and the potential cost associated with the other
methods. Gregory et al. found that parent-report items such as ‘trouble sleeping’ were
associated with sleep variables, such as sleep latency (time to fall asleep once in bed),
when assessed by other means, including both diary and actigraphy (146). Also, due to
the NLSCY’s different measures of certain variables in particular cycles, this study was
not able to control for screen time variables in cycle 4 or physical activity variables in 6.
Therefore, caution should be taken when comparing cross-sectional results across cycles.
As well, due to the nature of this study, respondents were limited to those who responded
in all 3 survey cycles, and who were not missing predictor or outcome information
resulting in many exclusions. Moreover, the ethnicity of the sample was restricted, with
the vast majority being white, due to the low number of non-white respondents, race
could not be controlled for in multivariable analyses.
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5.5 Future Directions
In summary, the current study’s primary contribution is in demonstrating sexindependent cross-sectional and longitudinal relations between sleep duration, difficulties
sleeping and internalizing problems in a nationally representative Canadian community
sample of adolescents. Findings highlight the importance of preventing and addressing
difficulties sleeping for children’s optimal mental health. They also highlight the
potential role of family functioning in the relationship between sleep duration and
internalizing problems. More research is required to further elucidate the relationship
between sleep and internalizing problems among this population. Specifically, although
the present study includes a 2 wave longitudinal component, in order to better understand
the trajectories, 3 or more assessments would be required to analyze the effects over time.
In addition, although it is more tedious to measure social variables accurately and
precisely, there is a need for studies to address the important social factors in a child’s
environment when considering these relationships.
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Appendix A
Table A.1. Literature search strategy for sleep and internalizing problems relationship
(MEDLINE OVID, EMBASE, CINAHL, PSYCH INFO)
#
1
2

MEDLINE OVID
exp Sleep/

Results
71840
172726

3

(Sleep or insomnia).mp. [mp=title, abstract, original title, name of substance word, subject
heading word, keyword heading word, protocol supplementary concept word, rare disease
supplementary concept word, unique identifier, synonyms]
1 or 2

4

exp adolescent/ or exp child/ or exp child or infant/

2992381

5

(youth or teen* or child* or toddler*).mp. [mp=title, abstract, original title, name of
substance word, subject heading word, keyword heading word, protocol supplementary
concept word, rare disease supplementary concept word, unique identifier, synonyms]
4 or 5
exp Anxiety/ or exp Anxiety disorders/

3663884

6
7

176661

3663884
139499

8

(internalizing behav* or anxiety ).mp. [mp=title, abstract, original title, name of substance
word, subject heading word, floating sub-heading word, keyword heading word, protocol
supplementary concept word, rare disease supplementary concept word, unique identifier,
synonyms]

9

329061

11
12

exp Depression/
(depress* or mood disorder*).mp. [mp=title, abstract, original title, name of substance word,
subject heading word, keyword heading word, protocol supplementary concept word, rare
disease supplementary concept word, unique identifier, synonyms]
7 or 8 or 9 or 10
3 and 6 and 11

13

exp Longitudinal Studies/

11647

14
#
1
2

12 and 13

254

10

3
4
5

6
7
8

EMBASE
Exp Sleep
(Sleep or insomnia).mp. [mp=title, abstract, original title, name of substance word, subject
heading word, keyword heading word, protocol supplementary concept word, rare disease
supplementary concept word, unique identifier, synonyms]
1 or 2
child/
(infan* or toddler* or child* or teen* or adolescen* or youth) mp. [mp=title, abstract,
original title, name of substance word, subject heading word, keyword heading word,
protocol supplementary concept word, rare disease supplementary concept word, unique
identifier, synonyms]
4 or 5
exp Anxiety/
(internalizing behav* or internalizing problems or anxiety).mp. [mp=title, abstract, original
title, name of substance word, subject heading word, floating sub-heading word, keyword

354892

452959
6069

220162
318291

367634
1744535
3797054

3797054
184843
327853
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18
#
1
2

heading word, protocol supplementary concept word, rare disease supplementary concept
word, unique identifier, synonyms]
Exp Depression
(depress* or mood disorder* or mood).mp. [mp=title, abstract, original title, name of
substance word, subject heading word, keyword heading word, protocol supplementary
concept word, rare disease supplementary concept word, unique identifier, synonyms]
7 or 8 or 9 or 10
3 and 6 and 11
Exp Longitudinal studies
longitudinal or prospective or retrospective
13 or 14
12 and 15
limit 16 to (infant <to one year> or child <unspecified age> or preschool child <1 to 6
years> or school child <7 to 12 years> or adolescent <13 to 17 years>)
Limit 17 to exclude Medline Journals
CINAHL
(MH "Sleep Deprivation") OR (MH "Sleep Hygiene") OR (MH "Sleep")
(Sleep or insomnia).

3
4
5

S1 OR S2
(MH "Child") OR (MH "Adolescence") OR (MH "Infant") OR (MH "Child, Preschool")
infan* or toddler* or child* or teen* or adolescen* or youth

367634
1744535
3797054

6
7
8
9
10
11
12

3797054
184843
327853
420269
794179
91289
14258

13
14
#

(S4 OR S5)
(MH "Anxiety") OR (MH "Separation Anxiety")
anxiety or internalizing behav* or internalizing problems
(MH "Depression")
depress* or mood disorder* or mood
(S7 OR S8 OR S9 OR S10)
(MH "Prospective Studies") OR "longitudinal studies" OR (MH "Concurrent Prospective
Studies") OR (MH "Nonconcurrent Prospective Studies")
longitudinal stud* or prospective stud* or retrospective stud*
S12 OR S13
PSYCINFO

1

noft(sleep or insomnia)

2

noft(infan*) or noft(toddler*) or noft(child*) or noft(teen*) or noft(adolescen*) or
noft(youth )
noft(anxiety) or noft(internalizing behav*) or noft(internalizing problems or depress*) or
noft(mood disorder*)
noft(longitudinal stud*) or noft(prospective stud*) or noft(retrospective stud* )
noft(sleep OR insomnia) AND (noft(infan*) OR noft(toddler*) OR noft(child*) OR
noft(teen*) OR noft(adolescen*) OR noft(youth)) AND (noft(anxiety) OR
noft(internalizing behav*) OR noft(internalizing problems OR depress*) OR noft(mood
disorder*)) AND (noft(longitudinal stud*) OR noft(prospective stud*) OR
noft(retrospective stud*))Limits applied

78375
1256264

9
10

11
12
13
14
15
16
17

3
4
5

Limited by:
Peer reviewed,

420269
794179

971289
14258
114182
1137809
1137809
1466
1113
96
220162
318291

114182
1137809

289,694
253,036
722
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Methodology:Clinical Trial, Longitudinal Study, Prospective Study, Retrospective Study
Language:English
Age group:
Adolescence (13-17 Yrs), Childhood (birth-12 Yrs), Infancy (2-23 Mo), Neonatal (birth-1
Mo), Preschool Age (2-5 Yrs), School Age (6-12 Yrs)
Population: Human

N=20 articles were retrieved from The Dissertations and Theses database. The search was
completed using only the keywords (words in quotations) above.
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Table A.2. Literature search strategy for the relationship of family factors with sleep and
internalizing problems
#

1
2
3
4
5
6
7

8
9
10
11
12
13
14
15
16
17
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17

Search Term
MEDLINE
sleep/ or drowsiness/ or night sleep/ or sleep quality/ or sleep time/
((sleep adj3 (duration or quality or depriva* or latency or disturb* or problem* or onset
latency or bedtime or nightwaking or night-waking)) or insomnia*).mp.
1 or 2
exp anxiety/
( internalizing behav* or internalizing problem* or anxiety* or anxious*).mp.
exp depression/
depress*.mp. [mp=title, abstract, original title, name of substance word, subject heading
word, floating sub-heading word, keyword heading word, protocol supplementary
concept word, rare disease supplementary concept word, unique identifier, synonyms]
4 or 5 or 6 or 7
Family Relations/
(family function* or family dysfunction or parenting or family).mp.
9 or 10
exp adolescent/ or exp child/
(child* or youth or teen* or adolescen*).mp.
12 or 13
11 and 3 and 14
11 and 8 and 14
11 and 3 and 8 and 14
EMBASE
sleep/ or drowsiness/ or night sleep/ or sleep quality/ or sleep time/
((sleep adj3 (duration or quality or depriva* or latency or disturb* or problem* or onset
latency or nightwaking or night-waking)) or insomnia*).mp.
1 or 2
exp anxiety/
(anxiety or internalizing behav* or internalizing problem* or anxious*).mp.
exp depression/
depress*.mp.
4 or 5 or 6 or 7
Child parent relation/family functioning
(family function* or family dysfunction or parenting or family).mp.
9 or 10
child/
(child* or youth or teen* or adolescen*).mp.
12 or 13
11 and 3 and 14
11 and 8 and 14
11 and 3 and 8 and 14

# of
Articles
57522
71652
102178
75393
214401
104336
495073

616751
24224
28062
36985
2821058
3280552
3280552
291
5732 *
95
149161
144072
235386
189513
336034
427967
745296
943138
48919
26672
51575
1778178
3476022
3476022
1099
10781
355
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*The articles reflect the number retrieved prior to exclusion of articles that are not relevant or
outdated.
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Appendix B

Linear Regression Model Assumptions
Linear regression model assumptions were checked by testing for linearity,
normality of residual errors, and constant variance. In univariable regressions with the
outcome, residuals were not all exactly normally distributed, however given the size of
the sample, estimates are still robust (147). In multivariable regressions, the distribution
of the residuals were approximately normal. Bootstrap variance estimation was used to
account for heteroskedastic residual errors (148). In addition, multicollinearity among
covariates was assessed. Pearson correlation coefficients and polychoric correlations
were calculated. Variables in the same models were examined for correlation coefficients
above 0.5, however, no coefficients met this criteria. Finally, multivariable regression
models were produced for collinearity diagnostics; variance inflation factor and tolerance
were assessed. Variables were to be flagged for assessment if the variance inflation factor
was above 5 and removed completely from analysis if above 10. No variables exhibited
a variance inflation factor above 5.
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Table B.1 Cross-sectional Pearson and polychoric correlations among covariates in females in cycle 4 (bold =correlation >0.5).

1. Sleep Duration
2. Peer Relations
3. Neighbourhood Cohesion
4. Neighbourhood Safety
5. PMK Education
6. Household Income
7.PMK Depression
8. Age
9. Negative Parenting
10. Family Functioning
11. Organized Physical Activity
12. Unorganized Physical
Activity

1

2

3

4

5

6

7

8

9

10

0.03
0.24
0.16
0.09
0.06
0.18
-0.12
0.04
-0.27
-0.04

-0.05
-0.17
-0.03
0.03
0.09
-0.04
0.08
0.08
-0.10

0.60
0.21
-0.36
0.02
-0.13
0.08
-0.35
-0.01

0.24
-0.37
-0.04
-0.05
0.06
-0.40
0.06

-0.27
-0.15
-0.01
0.06
-0.36
0.16

0.10
0.06
-0.01
0.16
-0.06

-0.06
0.04
0.11
-0.02

0.02
0.03
0.15

-0.01
0.06

0.04

0.10

-0.07

0.18

0.16

0.11

-0.07

-0.03

0.27

0.13

-0.05

11

0.14
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Table B.2 Cross-sectional Pearson and polychoric correlations among covariates in females in cycle 5 (bold =correlation >0.5).

1. Sleep Duration
2. Difficulties Sleeping
3. Peer Relations
4. Neighbourhood Cohesion
5. Neighbourhood Safety
6. PMK Education
7. Household Income
8. PMK Depression
9. Age
10. Negative Parenting
11. Family Functioning
12. TV Hours
13. Computer Hours
14. Organized Physical Activity
15. Unorganized Physical
Activity

1

2

3

4

5

6

7

8

9

10

11

12

13

-0.06
-0.20
0.08
0.07
0.06
0.07
0.13
-0.27
0.05
0.10
-0.07
-0.07
0.03

0.09
-0.06
0.02
0.10
0.00
-0.06
-0.07
0.04
0.06
0.12
0.02
-0.01

-0.03
-0.08
-0.02
0.07
0.13
0.07
-0.07
-0.15
0.03
0.06
-0.20

0.18
-0.09
0.04
-0.08
0.19
0.13
-0.19
-0.28
0.04
0.03

0.12
-0.19
-0.32
-0.12
0.10
-0.05
0.06
0.12
0.01

-0.17
-0.27
-0.08
0.07
0.02
0.01
0.06
0.20

0.36
0.03
-0.05
-0.18
-0.12
-0.08
-0.29

0.06
-0.03
0.00
-0.08
-0.03
-0.19

-0.02
-0.09
-0.02
0.09
0.00

-0.03
0.01
0.03
-0.01

0.03
0.05
0.05

0.26
-0.04

-0.02

0.09

-0.05

-0.05

0.15

-0.06

0.08

0.01

-0.02

0.03

0.05

0.06

0.05

0.10

14

0.22
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Table B.3 Cross-sectional Pearson and polychoric correlations among covariates in females in cycle 6 (bold =correlation >0.5).

1. Difficulties Sleeping
2. Peer Relations
3. Neighbourhood Cohesion
4. Neighbourhood Safety
5. PMK Education
6. Household Income
7. PMK Depression
8. Age
9. Negative Parenting
10. Family Functioning
11.TV Hours
12. Computer Hours

1

2

3

4

5

6

7

8

9

10

11

0.16
-0.06
0.01
0.12
0.18
0.21
-0.09
0.01
-0.12
-0.12
0.01

-0.01
-0.08
-0.03
0.06
0.14
-0.01
0.04
0.10
0.11
-0.01

0.49
0.05
-0.17
-0.23
0.05
0.09
-0.23
0.02
0.09

0.20
-0.25
-0.21
-0.03
0.02
-0.39
0.03
0.05

-0.17
-0.07
-0.09
-0.09
-0.22
-0.10
-0.05

0.54
0.06
-0.10
0.13
-0.17
-0.26

0.01
0.00
0.09
-0.15
-0.25

-0.02
0.02
-0.04
0.03

-0.05
0.11
0.02

-0.06
0.03

0.23
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Table B.4 Pearson and polychoric correlations among covariates in females in longitudinal sample (bold =correlation >0.5).

Internalizing Problems at
10/11
Sleep Duration
Difficulties Sleeping
Difficulties Sleeping
Peer Relations
Neighbourhood Cohesion
Neighbourhood Safety
PMK Education
Household Income
PMK Depression
Negative Parenting
Family Functioning
TV Hours
Computer Hours
Organized Physical Activity
Unorganized Physical Activity

1

2

3

4

5

6

7

8

9

10

11

0.00
0.17
-0.07
0.30
-0.16
-0.15
-0.16
0.11
0.18
0.03
0.05
0.10
0.14
-0.12
-0.21

0.04
0.01
0.00
0.23
0.16
0.09
0.01
0.02
0.05
0.20
0.04
0.06
0.06
0.07

0.14
0.13
0.12
0.01
0.05
0.03
0.02
0.12
0.07
0.16
0.02
0.04
0.00

0.01
0.07
0.00
0.15
0.02
0.05
0.04
0.03
0.08
0.11
0.02
0.04

0.03
0.11
0.06
0.00
0.07
0.15
0.06
0.02
0.04
0.10
0.10

0.57
0.13
0.30
0.00
0.11
0.31
0.14
0.14
0.01
0.11

0.20
0.33
0.07
0.09
0.37
0.04
0.08
0.07
0.16

0.25
0.14
0.01
0.32
0.05
0.06
0.15
0.12

0.15
0.01
0.10
0.03
0.01
0.08
0.06

0.08
0.08
0.08
0.06
0.02
0.03

0.00
0.01
0.04
0.02
0.04

12

13

14

15

0.00
0.01 0.24
0.05 0.08 0.02
0.04 0.07 0.07 0.14
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Table B.5 Cross-sectional Pearson and polychoric correlations among covariates in males in cycle 4 (bold =correlation >0.5).

1. Sleep Duration
2. Peer Relations
3. Neighbourhood Cohesion
4. Neighbourhood Safety
5. PMK Education
6. Household Income
7. PMK Depression
8. Age
9. Negative Parenting
10. Family Functioning
11. Organized Physical Activity
12. Unorganized Physical Activity

1

2

3

4

5

6

7

8

9

10

11

0.06
0.15
0.15
-0.12
-0.06
-0.01
-0.12
-0.06
-0.05
-0.08
0.04

-0.12
-0.01
0.04
-0.09
-0.03
-0.04
0.12
-0.11
-0.22
0.04

0.40
0.11
-0.16
-0.07
-0.04
0.00
-0.27
0.07
0.02

0.07
-0.23
-0.01
-0.01
-0.10
-0.21
0.08
-0.06

-0.09
0.04
0.03
0.18
-0.17
-0.09
0.10

0.18
-0.04
-0.02
0.07
-0.04
-0.02

-0.09
0.12
0.02
0.01
0.11

0.11
-0.06
0.05
0.03

-0.06
-0.20
0.21

0.09
0.01

0.08
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Table B.6 Cross-sectional Pearson and polychoric correlations among covariates in males in cycle 5 (bold =correlation >0.5).

1. Sleep Duration
2. Difficulties Sleeping
3. Peer Relations
4. Neighbourhood Cohesion
5. Neighbourhood Safety
6. PMK Education
7. Household Income
8. PMK Depression
9. Age
10. Negative Parenting
11. Family Functioning
12. TV Hours
13. Computer Hours
14. Organized Physical Activity
15. Unorganized Physical
Activity

1

2

3

4

5

6

7

8

9

10

11

12

13

0.03
0.02
0.03
0.00
0.09
0.13
0.05
0.08
0.16
0.11
0.11
0.01
0.04

0.11
0.05
0.03
0.04
0.08
0.10
0.15
0.12
0.09
0.11
0.16
0.09

0.22
0.13
0.04
0.11
0.08
0.08
0.01
0.07
0.03
0.07
0.19

0.48
0.04
0.12
0.15
0.00
0.06
0.37
0.16
0.16
0.10

0.00
0.19
0.09
0.06
0.06
0.32
0.06
0.09
0.01

0.19
0.04
0.08
0.27
0.04
0.09
0.02
0.03

0.03
0.05
0.05
0.13
0.05
0.07
0.21

0.06
0.16
0.13
0.03
0.03
0.06

0.11
0.02
0.10
0.05
0.09

0.06
0.04
0.18
0.06

0.05
0.02
0.03

0.38
0.08

0.13

0.17

0.10

0.22

0.03

0.03

0.09

0.08

0.06

0.04

0.15

0.06

0.24 0.07

14

0.19
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Table B.7 Cross-sectional Pearson and polychoric correlations among covariates in males in cycle 6 (bold =correlation >0.5).
1
1. Difficulties Sleeping
2. Peer Relations
3.Neighbourhood
Cohesion
Neighbourhood Safety
4. PMK Education
5. Household Income
6. PMK Depression
7. Age
8. Negative Parenting
9. Family Functioning
10. TV Hours
11. Computer Hours

2

3

-0.09
-0.04
0.07
0.14
0.15
-0.18
-0.06
0.13
0.02
0.00

0.33
-0.01
0.07
0.07
-0.12
0.03
-0.32
-0.18
-0.10

4

5

6

7

8

9

10

11

-0.04
-0.07 -0.08
0.08 0.15

0.07

-0.05
0.01
-0.17
0.08
-0.11
0.07
0.07
0.34
0.07
0.00
0.16

-0.10
-0.21 -0.05
-0.10 0.13
-0.02 0.03
-0.18 0.24
-0.23 0.13
-0.04 -0.10
-0.16 0.11

0.28
-0.14 -0.02
-0.06 0.05 0.08
0.07 0.07 -0.05
-0.03 0.02 0.10
-0.01 0.11 0.11
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Table B.8 Pearson and polychoric correlations among covariates in females in longitudinal sample (bold =correlation >0.5).

1. Internalizing Problems at
10/11
2. Sleep Duration
3. Difficulties Sleeping
4. Change in Difficulties
Sleeping
5. Peer Relations
6. Neighbourhood Cohesion
7. Neighbourhood Safety
8. PMK Education
9. Household Income
10. PMK Depression
11. Negative Parenting
12. Family Functioning
13. TV Hours
14. Computer Hours
15. Organized Physical Activity
16. Unorganized Physical
Activity

1

2

3

4

5

6

7

8

9

10

11

12

13

14

0.10
0.19

0.01

0.05
0.19
0.04
0.01
0.06
0.10
0.03
0.01
0.13
0.11
0.05
0.05

0.05 0.38
0.00 0.05
0.15 0.05
0.18 0.08
0.12 0.03
0.13 0.01
0.02 0.03
0.01 0.08
0.08 0.04
0.12 0.05
0.04 0.12
0.11 0.06

0.05
0.01
0.13
0.06
0.12
0.19
0.02
0.08
0.06
0.11

0.08
0.09
0.03
0.03
0.04
0.07
0.01
0.05
0.08
0.22

0.36
0.14
0.14
0.02
0.00
0.24
0.02
0.03
0.03

0.06
0.21
0.10
0.05
0.25
0.01
0.04
0.05

0.01
0.12
0.09
0.15
0.01
0.06
0.14

0.23
0.04
0.09
0.08
0.10
0.01

0.06
0.18
0.15
0.06
0.11

0.01
0.03
0.09
0.14

0.03
0.06
0.10

0.36
0.02

0.10

0.03

0.00

0.01

0.04

0.06

0.02

0.15

0.04

0.15

0.15

0.02

0.01

0.11

0.00

15

0.03
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Appendix C

Table C.1 Cross-sectional multivariable associations with internalizing problems in females in cycle 4: results of a multiple
linear regression analysis with block wise entry

Sleep Duration (hours)
Neighbourhood and Peers
Neighbourhood Safety
Neighbourhood Cohesion
Peer relations
High (≥90th percentile [≥ 16])
Moderate (11-89th percentile
[10-15])
Low (≤10th percentile [≤ 9])
Family
Resources/Demographics
Household Income
Not low income
Low income
PMK Education
<Secondary/Sec.Graduation
Some post-secondary
College, University or other
PMK depression
Depressed
Not Depressed
Age

Block 1
 [95% CI]
0.20(-0.16,0.56)

Block 2
 [95% CI]
0.16(-0.20,0.52)

Block 3
 [95% CI]
0.11(-0.25,0.46)

Block 4
 [95% CI]
0.15(-0.20,0.49)

Block 5
 [95% CI]
0.10(-0.23,0.44)

-0.01(-0.27,0.25)
-0.13(-0.28,0.02) *

-0.13(-0.27,0.02) *

-0.15(-0.27, -0.02)
**

-0.14(-0.28, -0.01) **

-0.12(-0.26,0.01) *

-1.13(-1.93, -0.34)
**
Ref

-0.10(-1.78, -0.21)
**
Ref

-1.12(-1.89, -0.35)
**
Ref

-1.13(-1.87, -0.39) **
Ref

-1.12(-1.86, -0.37)
**
Ref

0.71(-0.33,1.75) *

0.52(-0.52,1.56)

0.66(-0.34,1.66) *

0.62(-0.42,1.65)

0.69(-0.33,1.71) *

1.60(0.49,2.71) **
Ref

1.48(0.37,2.59) **
Ref

1.54(0.44,2.65) **
Ref

Ref
0.41(-1.22,2.03)
0.22(-0.66,1.10)
-0.08(-0.97,0.82)
Ref
1.48(0.37,2.59) **
Ref
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10 years
11 years
Family
Processes/Functioning
Negative Parenting
≥90th percentile [≥34]
<90th percentile [<34]
Family functioning
Poor Functioning
Not Poor functioning
Health-related Behaviours
Organized Physical
Activity
Never/Less than once a week
1 to 3 times a week
4 or more times a week
Unorganized Physical
Activity
Never/Less than once a week
1 to 3 times a week
4 or more times a week
TV Hours
No TV/ <1 hour per day
1-2 hours per day
>3 hours per day
Computer Hours
No use/less1 hour per day
1-2 hours per day
>3 hours per day
* p<0.20 ** p<0.05

Ref
-0.18(-0.93,0.56)

-0.42(-1.50,0.65)
Ref
-0.24(-0.98,0.50)
Ref

0.66(-0.27,1.59) *
0.33(-0.44,1.10)
Ref

0.73(-0.24,1.69) *
0.32(-0.46,1.10)

1.00(0.05,1.96) **
1.15(0.42,1.88) **
Ref

1.00(0.67,1.92) **
1.07(0.33,1.8) **

Ref
0.27(-0.57,1.10)
0.45(-0.54,1.45)
Ref
0.31(-0.46,1.09)
1.57(0.28,2.87) **

0.39(-0.35,1.13)
1.41(0.11,2.72) **
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Table C.2 Cross-sectional multivariable associations with internalizing problems in females in cycle 5: results of a multiple
linear regression analysis with block wise entry

Sleep Duration (hours)
Difficulties Falling Asleep
Seldom/never/about once a
month/about once a week
More than once/week, most
days
Neighbourhood and Peers
Neighbourhood Safety
Neighbourhood Cohesion
Peer relations
High (≥90th percentile [≥ 16])
Moderate (11-89th percentile
[10-15])
Low (≤10th percentile [≤ 9])
Family
Resources/Demographics
Household Income
Not low income
Low income
PMK Education
<Secondary/Sec.Graduation
Some post-secondary
College, University or other
PMK depression
Depressed

Block 1
 [95% CI]
0.30(-0.24,0.84)

Block 2
 [95% CI]
0.23(-0.20,0.66)

Block 3
 [95% CI]
0.18(-0.24,0.60)

Block 4
 [95% CI]
0.30(-0.15,0.75)

Block 5
 [95% CI]
0.28(-0.19,0.74)

Ref

Ref

Ref

Ref

Ref

1.56(0.65,2.47) **

1.88(1.04,2.72) **

1.78(0.94,2.63) **

1.70(0.81,2.60) **

1.77(0.94,2.61)
**

-0.37(-1.47,0.74)
Ref

-0.74(-1.69,0.21) *
Ref

-0.80(-1.81,0.21) *
Ref

-0.63(-1.58,0.33)
Ref

-0.52(-1.48,0.45)
Ref

1.16(-0.18,2.50) *

0.99(-0.43,2.42) *

1.15(-0.27,2.58) *

1.34(-0.15,2.84) *

1.15(-0.24,2.54) *

Ref
-1.59(-2.96, -0.21)
**

Ref
-1.25(-2.17, -0.32)
**

Ref
-1.14(-2.10, -0.19)
**

Ref
-1.39(-2.32, 0.47) **

0.15(-0.22,0.52)
-0.01(-0.26,0.24)

-0.09(-0.92,0.74)
-0.05(-1.12,1.02)
Ref
0.52(-1.22,2.26)
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Not Depressed
Age
12 years
13 years
Family
Processes/Functioning
Negative Parenting
≥90th percentile [≥34]
<90th percentile [<34]
Family functioning
Poor functioning
Not poor functioning
Health-related Behaviours
Organized Physical Activity
Never/Less than once a week
1 to 3 times a week
4 or more times a week
Unorganized Physical
Activity
Never/Less than once a week
1 to 3 times a week
4 or more times a week
Screen Time
TV Hours
No TV/ <1 hour per day
1-2 hours per day
>3 hours per day
Computer Hours
No use/less1 hour per day
1-2 hours per day
>3 hours per day
* p<0.20 ** p<0.05

Ref
Ref
0.24(-0.64,1.12)

0.14(-0.84, -0.84)
Ref
0.73(-0.28,1.75) *
Ref

0.73(-0.31,1.76) *
Ref

-0.49(-1.58,0.60)
-0.32(-1.35,0.70)
Ref

0.24(-0.98,1.45)
-0.05(-0.91,0.82)
Ref

Ref
0.58(-0.33,1.49)
0.38(-0.64,1.39)
Ref
0.56(-0.30,1.42)
1.43(0.28,2.58) *

0.61(-0.23,1.45) *
1.12(0.14,2.09) **
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Table C.3 Cross-sectional multivariable associations with internalizing problems in females in cycle 6: results of a multiple
linear regression analysis with block wise entry

Difficulties Falling Asleep
Seldom/never/about once a
month/about once a week
More than once/ week, most
days
Neighbourhood and Peers
Neighbourhood Safety
Neighbourhood Cohesion
Peer relations
High (≥90th percentile [≥ 16])
Moderate (11-89th percentile
[10-15])
Low (≤10th percentile [≤ 9])
Family
Resources/Demographics
Household Income
Not low income
Low income
PMK Education
<Secondary/Sec.Graduation
Some post-secondary
College, University or other
PMK depression
Depressed
Not Depressed
Age
14 years
15 years

Block 1
 [95% CI]

Block 2
 [95% CI]

Block 3
 [95% CI]

Block 4
 [95% CI]

Block 5
 [95% CI]

Ref

Ref

Ref

Ref

Ref

1.39(0.10,2.67) **

1.76(0.70,2.82) **

1.73(0.55,2.91) **

1.53(0.30,2.76) **

1.62(0.44,2.80) **

-1.04(-1.93, -0.16)
**
Ref

-0.90(-1.87,0.08) *

-0.83(-1.78,0.12) *

Ref

Ref

-1.11(-2.07, -0.15)
**
Ref

-1.04(-1.97, -0.12)
**
Ref

1.76(0.33,3.18) **

1.50(-0.14,3.13) *

1.50(-0.12,3.13) *

1.21(-0.37,2.78) *

1.2(-0.37,2.79) *

-0.32(-1.15,0.51)
0.96(-0.26,2.18) *
Ref

-0.29(-1.12,0.55)
1.02(-0.23,2.26) *
Ref

-0.31(-1.14,0.52)
0.96(-0.31,2.22) *
Ref

-0.14(-0.48,0.20)
0.171(-0.12,0.47)

Ref
-0.56(-2.29,1.16)
-0.20(-1.15,0.76)
0.85(-0.33,2.03) *
Ref
0.24(-1.30,1.79)
Ref
Ref
0.47(-0.53,1.47)
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Family
Processes/Functioning
Negative Parenting
≥90th percentile [≥34]
<90th percentile [<34]
Family functioning
Poor functioning
Not poor Functioning
Health-related Behaviours
Organized Physical Activity
Never/Less than once a week
1 to 3 times a week
4 or more times a week
Unorganized Physical
Activity
Never/Less than once a week
1 to 3 times a week
4 or more times a week
Screen Time
TV hours
No TV /<1 hour per day
1-2 hours per day
>3 hours per day
Computer hours
No use/ <1 hour per day
1-2 hours per day
>3 hours per day
* p<0.20 ** p<0.05

0.51(-0.45,1.47)
Ref

Ref

Ref
-0.20(-1.53,1.13)
-0.60(-1.84,0.64)
Ref
1.14(0.21,2.08) **
1.75(0.41,3.09) **

Ref
1.03(0.07,1.98) **
1.59(0.27,2.92) **
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Table C.4 Longitudinal multivariable associations with internalizing problems in females: results of a multiple linear
regression analysis with block wise entry

Sleep Duration (hours)
Difficulties Falling Asleep
Seldom/never/about once a
month/about once a week
More than once/ week, most
days
Neighbourhood and Peers
Neighbourhood Safety
Neighbourhood Cohesion
Peer relations
High (≥90th percentile [≥ 16])
Moderate (11-89th percentile
[10-15])
Low (≤10th percentile [≤ 9])
Family
Resources/Demographics
Household Income
Not low income
Low income
PMK Education
<Secondary/Sec.Graduation
Some post-secondary
College, University or other
PMK depression
Depressed
Not Depressed

Block 1
 [95% CI]
-0.33(-0.76,0.10)
*

Block 2
 [95% CI]
-0.28(-0.73,0.17)

Block 3
 [95% CI]
-0.38(0.81,0.05) *

Ref

Ref

Ref

Ref

Ref

1.05(0.04,2.06)
**

1.08(0.06,2.11) **

0.96(-0.08,2.00)
*

0.71(-0.34,1.76) *

0.67(-0.31,1.65) *

-0.20(-0.48,0.09)
*
0.19(0.02,0.35)
**

-0.14(-0.41,0.12)

-0.25(0.56,0.06) *
0.17(0.00,0.34)
**

-0.21(-0.55,0.12)

0.20(0.03,0.38) **

Block 4
 [95% CI]
-0.51(0.97,0.05) **

Block 5
 [95% CI]
-0.43(-0.80,0.06)
**

0.10(-0.09,0.29)

-0.10(-1.93, 0.06) **
Ref

-1.02(-1.95,0.10)
**
Ref

-1.07(2.04,0.10)**
Ref

-1.03(-2.04, -0.2) **

-0.10(-1.02,0.83)

Ref

Ref

0.51(-0.60,1.62)

0.28(-0.82,1.39)

0.47(-0.66,1.60)

1.11(-0.28,2.51) *

Ref
0.94(-1.16,3.04)
-0.22(-1.34,0.91)
0.01(-1.10,1.11)
Ref
-0.14(-1.09,0.81)
Ref

Final Model
 [95% CI]
-0.43(-0.79, -0.07)
*

0.70(-0.28,1.67) *
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Age
10 years
11 years
Family Processes
/Functioning
Negative Parenting
≥90th percentile [≥34]
<90th percentile [<34]
Family functioning
Poor functioning
Not poor functioning
Health-related Behaviours
Organized Physical Activity
Never/Less than once a week
1 to 3 times a week
4 or more times a week
Unorganized Physical
Activity
Never/Less than once a
week
1 to 3 times a week
4 or more times a week
Screen Time
TV hours
No TV /<1 hour per day
1-2 hours per day
>3 hours per day
Computer hours
No use/ <1 hour per day
1-2 hours per day
>3 hours per day
Internalizing at 10/11
* p<0.20 ** p<0.0

-0.53(-1.43,0.38)
Ref

0.28(-0.79,1.35)
Ref
-0.69(1.61,0.22) *
Ref

-0.92(1.88,0.03) *

-0.69(-1.59,0.21) *

-0.71(1.59,0.17) *

Ref

Ref

Ref

Ref
0.55(-0.31,1.40)
2.13(0.68,3.57) **
0.32(0.10,0.53) **

0.50(-0.33,1.33)
2.08(0.66,3.51) **
0.34(0.13,0.54) **

-0.46(-1.60,0.67)
-0.76(1.83,0.32) *
Ref

0.39(-0.73,1.52)
0.46(-0.54,1.46)
Ref

Ref
-0.53(1.69,0.63)
-0.29(1.41,0.83)
Ref
1.25(0.29,2.21) **
2.45(0.74,4.17) **
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Table C.5 Longitudinal multivariable associations of changes in difficulties sleeping with internalizing problems in females:
results of a multiple linear regression analysis with block wise entry
Block 1
 [95% CI]

Block 2
 [95% CI]

Block 3
 [95% CI]

Block 4
 [95% CI]

Block 5
 [95% CI]

Final Model
 [95% CI]

Change in Difficulties
Sleeping
High Persistent

2.75(1.38,4.13) **

2.71(1.52,3.91) **

High Decreasing
Low Increasing

0.5(-0.66,1.79)
1.89(0.33,3.45) **

0.47(-0.76,1.70)
1.50(0.19,2.81) **

2.56(1.39,3.74)
**
0.45(-0.74,1.64)
1.36(-0.08,2.80) *

2.36(1.13,3.60)
**
0.12(-1.13,1.37)
1.02(-0.25,2.28) *

1.90(0.52,3.29)
**
0.21(-1.03,1.45)
1.22(-0.14,2.58) *

Ref

Ref

Ref

Ref

Ref

1.90(0.52,3.29)
**
0.21(-1.03,1.45)
1.22(-0.14,2.58)
*
Ref

Low Persistent
Neighbourhood and Peers
Neighbourhood Safety
Neighbourhood Cohesion
Peer relations
High (≥90th percentile [≥
16])
Moderate (11-89th percentile
[10-15])
Low (≤10th percentile [≤ 9])
Family
Resources/Demographics
Household Income
Not low income
Low income
PMK Education
<Secondary/Sec.Graduation
Some post-secondary
College, University or other
PMK depression
Depressed
Not Depressed
Family

-0.07(-0.30,0.16)
0.12(-0.09,0.33)
-0.99(-1.90,0.08)
**
Ref

-0.89(-1.74,0.05)**
Ref

-0.79(-1.64,0.06)
*
Ref

-0.81(-1.63,0.02)
*
Ref

-0.17(-1.08,0.74)
Ref

-0.17(1.08,0.74)
Ref

1.17(-0.01,2.34) *

1.01(-0.11,2.14) *

1.10(-0.04,2.24) *

1.05(-0.28,2.37) *

1.09(-0.22,2.41)

1.09(-0.22,2.41)

Ref
-0.48(-2.05,1.09)
0.02(-0.91,0.94)
-0.49(-1.73,0.75)
Ref
-0.46(-1.71,0.78)
Ref
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Processes/Functioning
Negative Parenting
≥90th percentile [≥34]
<90th percentile [<34]
Family functioning
Poor functioning
Not poor Functioning
Health-related Behaviours
Organized Physical
Activity
Never/Less than once a week
1 to 3 times a week
4 or more times a week
Unorganized Physical
Activity
Never/Less than once a week
1 to 3 times a week
4 or more times a week
Screen Time
TV Hours
No TV/ <1 hour per day
1-2 hours per day
>3 hours per day
Computer Hours
No use/less1 hour per day
1-2 hours per day
>3 hours per day
Internalizing at 10/11
* p<0.20 ** p<0.05

-0.15(-1.33,1.04)
Ref
0.32(-0.51,1.16)
Ref

Ref

0.35(-0.87,1.56)
0.32(-0.68,1.31)
Ref

-0.06(-1.17,1.05)
0.03(-0.96,1.01)
Ref

Ref
-0.21(-1.25,0.83)
0.09(-0.91,1.10)
Ref
0.31(-0.49,1.11)
2.18(0.55,3.81)
**

Ref
0.38(-0.46,1.22)
2.14(0.66,3.62)
**

Ref
0.38(-0.46,1.22)
2.14(0.66,3.62)
**

0.25(0.05,0.45) **

0.25(0.05,0.45) **
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Table C.6 Cross-sectional multivariable associations with internalizing problems in males in cycle 4: results of a multiple
linear regression analysis with block wise entry

Sleep Duration (hours)
Neighbourhood and Peers
Neighbourhood Safety
Neighbourhood Cohesion
Peer relations
High (≥90th percentile [≥ 16])
Moderate (11-89th percentile
[10-15])
Low (≤10th percentile [≤ 9])
Family
Resources/Demographics
Household Income
Not low income
Low income
PMK Education
<Secondary/Sec.Graduation
Some post-secondary
College, University or other
PMK depression
Depressed
Not Depressed
Age
10 years
11 years
Family
Processes/Functioning
Negative Parenting

Block 1
 [95% CI]
-0.31(-0.88,0.25)

Block 2
 [95% CI]
-0.15(-0.65,0.36)

Block 3
 [95% CI]
-0.20(-0.70,0.30)

Block 4
 [95% CI]
-0.20(-0.69,0.29)

Block 5
 [95% CI]
-0.22(-0.74,0.30)

-1.00(-1.92, -0.07)**

-0.92(-1.84,-0.01)**

Ref

Ref

-0.04(-0.33,0.25)
0.02(-0.16,0.20)
-0.51(-1.50,0.48)

-0.92(-1.87,0.03) *

Ref

Ref

-1.02(-1.92, -0.12)
**
Ref

0.81(-0.10,1.73)*

0.80(-0.04,1.64)*

0.75(-0.10,1.59)*

0.96(0.10,1.82)**

0.71(-0.14,1.56)*

Ref
1.21(-0.36,2.77) *

Ref
1.22(-0.20,2.64) *

Ref
1.19(-0.26,2.64)*

Ref
1.18(-0.27,2.63)*

-0.40(-1.40,0.61)
-0.44(-1.27,0.40)
Ref
0.07(-1.90,1.73)
Ref
Ref
0. 55(-0.20,1.29) *

Ref
0.60(-0.15,1.33) *
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≥90th percentile [≥34]
<90th percentile [<34]
Family functioning
Poor functioning
Not poor Functioning
Health-related Behaviours
Organized Physical Activity
Never/Less than once a week
1 to 3 times a week
4 or more times a week
Unorganized Physical
Activity
Never/Less than once a week
1 to 3 times a week
4 or more times a week
* p<0.20 ** p<0.05

-0.65(-1.49,0.19)*

-0.28(-1.24,0.68)
Ref

-0.67(-1.35,0.01)*

-0.79(-1.51, -0.07) **

-0.68(-1.39,0.02)*

Ref

Ref

Ref

-0.92(-1.96,0.12)*
-0.27(-1.27,0.73)
Ref

0.11(-0.81,1.04)
0.27(-0.61,1.15)
Ref
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Table C.7 Cross-sectional multivariable associations with internalizing problems in males in cycle 5: results of a multiple
linear regression analysis with block wise entry

Sleep Duration (hours)
Difficulties Falling Asleep
Seldom/never/about once a
month/about once a week
More than once/ week, most
days
Neighbourhood and Peers
Neighbourhood Safety
Neighbourhood Cohesion
Peer relations
High (≥90th percentile [≥ 16])
Moderate (11-89th percentile
[10-15])
Low (≤10th percentile [≤ 9])
Family
Resources/Demographics
Household Income
Not low income
Low income
PMK Education
<Secondary/Sec.Graduation
Some post-secondary
College, University or other
PMK depression
Depressed
Not Depressed
Age

Block 1
 [95% CI]
0.05(-0.42,0.51)

Block 2
 [95% CI]
0.04(-0.43,0.51)

Block 3
 [95% CI]
-0.05(-0.47,0.38)

Block 4
 [95% CI]
0.00(-0.44,0.44)

Block 5
 [95% CI]
0.04(-0.40,0.49)

Ref

Ref

Ref

Ref

Ref

1.11(0.35,1.86)**

1.22(0.38,2.01)**

0.97(0.09,1.84)**

1.28(0.43,2.13)**

1.18(0.36, 2.01)**

-0.22(-0.52,0.09)*
-0.03(-0.24,0.17)

-0.18(-0.45,0.09)

-0.03(-0.28,0.22)

-1.05(-1.86, 0.25)**
Ref

-1.18(-1.97, 0.40)**
Ref

-1.24(-2.01, 0.48)**
Ref

-1.63(-2.61, 0.65)**
Ref

-1.58(-2.50, 0.65)**
Ref

0.71(-0.75,2.17)

0.68(-0.73,2.10)

0.53(-0.77,1.83)

0.85(-0.32,2.02)*

0.74(-0.47,1.95)

Ref
0.33(-0.91,1.57)
0.03(-0.94,0.99)
0.23(-0.78,1.24)
Ref
-0.06(-1.07,0.94)
Ref

-0.18(-1.19,0.83)
0.14(-0.83,1.12)
Ref
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12 years
13 years
Family
Processes/Functioning
Negative Parenting
≥90th percentile [≥34]
<90th percentile [<34]
Family functioning
Poor functioning
Not poor functioning
Health-related Behaviours
Organized Physical Activity
Never/Less than once a week
1 to 3 times a week
4 or more times a week
Unorganized Physical
Activity
Never/Less than once a week
1 to 3 times a week
4 or more times a week
Screen Time
TV hours
No TV /<1 hour per day
1-2 hours per day
>3 hours per day
Computer hours
No use/ <1 hour per day
1-2 hours per day
>3 hours per day
* p<0.20 ** p<0.05

Ref
-0.41(-1.16,0.35)

-0.59(-1.84,0.67)
Ref
0.57(-0.36,1.50)
Ref

Ref

Ref

0.01(-0.86,0.89)
0.41(-0.55,1.36)
Ref

Ref

-0.01(-1.19,1.16)
0.26(-0.66,1.18)
Ref

Ref
-0.36(-1.98,1.27)
-1.04(-2.62,0.54)*

Ref

Ref
-0.92(-1.76, 0.08)**
0.98(-0.13,2.10)*

Ref
-1.06(-1.94, 0.18)**
0.42(-0.80,1.64)
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Table C.8 Cross-sectional multivariable associations with internalizing problems in males in cycle 6: results of a multiple
linear regression analysis with block wise entry

Difficulties Falling Asleep
Seldom/never/about once a
month/about once a week
More than once/ week, most
days
Outcome
Neighbourhood and Peers
Neighbourhood Safety
Neighbourhood Cohesion
Peer relations
High (≥90th percentile [≥ 16])
Moderate (11-89th percentile
[10-15])
Low (≤10th percentile [≤ 9])
Family
Resources/Demographics
Household Income
Not low income
Low income
PMK Education
<Secondary/Sec.Graduation
Some post-secondary
College, University or other
PMK depression
Depressed
Not Depressed
Age
14 years
15 years
Family Processes and

Block 1
 [95% CI]

Block 2
 [95% CI]

Block 3
 [95% CI]

Block 4
 [95% CI]

Block 5
 [95% CI]

Ref

Ref

Ref

Ref

Ref

-0.08(-1.35,1.19)

0.16(-0.89,1.20)

0.23(-0.79,1.25)

0.17(-0.78,1.13)

0.16(-0.78,1.11)

-0.43(-1.30,0.45)
Ref

-0.41(-1.22,0.41)
Ref

-0.48(-1.27,0.31)
Ref

-0.61(-1.40,0.19)*
Ref

-0.57(-1.33,0.19)
Ref

2.33(0.83,3.83)**

2.05(0.85,3.25)**

1.96(0.77,3.16)**

1.80(0.61,2.99)**

1.84(0.67,3.01)**

Ref
1.59(-0.28,3.46)*

1.77(-0.17,3.71)*

1.82(-0.06,3.70)*

1.83(-0.06,3.71)*

-0.15(-0.93,0.64)
0.57(-0.43,1.57)
Ref

Ref

-0.11(-0.43,0.21)
0.15(-0.11,0.42)

0.84(-0.69,2.37)
Ref
Ref
0.03(-0.66,0.73)
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Functioning
Negative Parenting
≥90th percentile [≥34]
<90th percentile [<34]
Family functioning
Poor functioning
Not poor functioning
Health-related Behaviours
Organized Physical Activity
Never/Less than once a week
1 to 3 times a week
4 or more times a week
Unorganized Physical Activity
Never/Less than once a week
1 to 3 times a week
4 or more times a week
Screen Time
TV hours
No TV /<1 hour per day
1-2 hours per day
>3 hours per day
Computer hours
No use/ <1 hour per day
1-2 hours per day
>3 hours per day
* p<0.20 ** p<0.05

Ref
0.44(-0.35,1.22)
Ref

Ref

Ref

Ref
-0.09(-1.46,1.27)
-0.39(-1.63,0.85)
Ref
-0.36(-1.10,0.37)
0.93(-0.03,1.89) *

Ref
-0.35(-1.06,0.37)
0.89(-0.06,1.83) *
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Table C.9 Longitudinal multivariable associations with internalizing problems in males: results of a multiple linear regression
analysis with block wise entry
Block 1
 [95% CI]
-0.14(-0.77,0.50)

Sleep duration
Difficulties Falling Asleep
Seldom/never/about once a
Ref
month/about once a week
More than once/ week,
1.23(0.19,2.28)**
most days
Neighbourhood and Peers
Neighbourhood Safety
0.08(-0.21,0.37)
Neighbourhood Cohesion -0.05(-0.23,0.13)
Peer relations
High (≥90th percentile [≥
-0.74(1.66,0.18)*
16])
Moderate (11-89th
Ref
percentile [10-15])
Low (≤10th percentile [≤ 9]) 0.12(-0.93,1.18)
Family
Resources/Demographics
Household Income
Not low income
Low income
PMK Education
<Secondary/Sec.Graduation
Some post-secondary
College, University or other
PMK depression
Depressed
Not Depressed
Age
10 years
11 years

Block 2
 [95% CI]
-0.16(-0.52,0.20)

Block 3
 [95% CI]
-0.16(-0.52,0.21)

Block 4
 [95% CI]
-0.27(-0.66,0.11)

Block 5
 [95% CI]
-0.18(-0.56,0.19)

Final Model
 [95% CI]
-0.18(-0.54,0.17)

Ref

Ref

Ref

Ref

Ref

1.13(0.20,2.07)**

1.13(0.18,2.09)**

1.49(0.55,2.42)**

0.91(0.01,1.82)**

0.94(0.05,1.84)**

-0.63(1.53,0.27)*
Ref

-0.58(-1.41,0.25)*

-0.65(-1.57,0.27)*

0.06(-0.66, 0.79)

Ref

Ref

Ref

-0.07(-1.06,0.91)

0.16(-0.76,1.08)

0.16(-0.76,1.07)

-0.10(-0.73,0.54)

Ref
0.25(-0.77,1.28)
-0.41(-1.29,0.48)
0.01(-1.04,1.07)
Ref
0.01(-0.96,0.97)
Ref
-0.33 (-1.05,0.39)
Ref

122
Family Processes and
Functioning
Negative Parenting
≥90th percentile [≥34]
<90th percentile [<34]
Family functioning
Poor functioning
Not poor functioning
Health-related Behaviours
Organized Physical
Activity
Never/Less than once a wk
1 to 3 times a week
4 or more times a week
Unorganized Physical
Activity
Never/Less than once a
week
1 to 3 times a week
4 or more times a week
Screen Time
TV hours
No TV /<1 hour per day
1-2 hours per day
>3 hours per day
Computer hours
No use/ <1 hour per day
1-2 hours per day
>3 hours per day
Internalizing at 10/11
* p<0.20 ** p<0.05

-0.33(-1.33,0.66)
Ref
-0.00(-0.74,0.74)
Ref

-0.02(-0.85,0.81)
0.70(-0.32,1.72)
Ref

-0.44(-1.37,0.49)
-0.08(-0.95,0.79)
Ref

Ref
0.13(-1.39,1.65)
-0.63(-2.02,0.76)

Ref
0.15(-0.87,1.18)
-0.02(-0.93,0.89)

Ref
-0.67(-1.62,0.29)*

Ref
-0.78(-1.44,0.13)**
-1.34(-2.28, 0.40)**
0.46(0.29,0.64)**

-0.82(-1.78,0.15)*

Ref
-0.79(-1.43, 0.15)**
-1.38(-2.31, 0.44)**
0.46(0.29,0.63)**
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Table C.10 Longitudinal multivariable associations of changes in difficulties sleeping with internalizing problems: results of a
multiple linear regression analysis with block wise entry
Block 1
 [95% CI]

Block 2
 [95% CI]

Block 3
 [95% CI]

Block 4
 [95% CI]

Block 5
 [95% CI]

Final Model
 [95% CI]

1.31(-0.13,2.74)*
1.09(-0.15,2.33)*
0.10(-1.31,1.50)
Ref

1.53(0.16,2.90)**
1.05(-0.08,2.18)*
0.18(-1.21,1.57)
Ref

1.48(0.03,2.93)**
1.05(-0.09,2.18)*
0.43(-0.78,1.65)
Ref

1.7(0.27,3.15)**
1.8(0. 40,3.23)**
0.2(-1.09,1.51)
Ref

0.61(-1.24,2.45)
0.94(-0.46,2.35)*
-0.23(-1. 67,1.22)
Ref

0.61(-1.24,2.45)
0.94(-0.46, 2.35)
-0.23(-1.67,1.22)
Ref

Difficulties Falling Asleep
High Persistent
High Decreasing
Low Increasing
Low Persistent
Neighbourhood and Peers
Neighbourhood Safety
Neighbourhood Cohesion
Peer Relations
High (≥90th percentile [≥ 16])
Moderate (11-89th percentile
[10-15])
Low (≤10th percentile [≤ 9])
Family
Resources/Demographics
Household Income
Not low income
Low income
PMK Education
<Secondary/Sec.Graduation
Some post-secondary
College, University or other
PMK depression
Depressed
Not Depressed
Family Processes and
Functioning
Negative Parenting

0.19(-0.11,0.48)
-0.13(-0.33,0.07)
-0.48(-1.47,0.52)
Ref

Ref

-0.04(-0.04,0.89)

Ref
0.33(-1.29,1.95)
-0.56(-1.46,0.34)
-0.33(-1.26,0.60)
Ref
0.41(-1.23,2.05)
Ref
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≥90th percentile [≥34]
<90th percentile [<34]
Family functioning
Poor functioning
Not poor functioning
Health-related Behaviours
Organized Physical
Activity
Never/Less than once a week
1 to 3 times a week
4 or more times a week
Unorganized Physical
Activity
Never/Less than once a week
1 to 3 times a week
4 or more times a week
Screen Time
TV hours
No TV /<1 hour per day
1-2 hours per day
>3 hours per day
Computer hours
No use/ <1 hour per day
1-2 hours per day
>3 hours per day
Internalizing at 10/11
* p<0.20 ** p<0.05

-0.53(1.64,0.59)
Ref
-0.35(-1.04,0.35)
Ref

0.62(-0.24,1.49)*
1.59(0.55,2.62)**
Ref

0.51(-0.44,1.47)
1.25(0.22,2.28)**

-0.08(-1.06,0.90)
-0.38(-1.44,0.68)
Ref

Ref
-0.00(-1.67,1.66)
-0.68(-2.18,0.81)

Ref

Ref
-0.69(-1.74,0.36)*
-0.80(1.81,0.21)*

Ref
-1.3(-2.18,0.12)*
-1.1(-2.20, -0.02)**
0.31(0.10,0.10)

-1.3(-2.18,0.12)*
-1.1(-2.20, 0.02)**
0.31(0.10,0.52)
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Table C11: Summary of Studies Examining Association between sleep and internalizing problems: Consideration of family factors and
social context.
Authors

Title

Family factors

Social Context

Bei et al.

A cognitive vulnerability model on sleep and mood in adolescents
under naturalistically restricted and extended sleep opportunities.
Mechanisms underlying the association between insomnia, anxiety,
and depression in adolescence: Implications for behavioral sleep
interventions: Review
The bidirectional association between daytime affect and nighttime
sleep in youth with anxiety and depression: clinical sample??

--------

--------

N/A

N/A

--------

Cntrl: SES

Doane et al.

Multi-method Assessments of Sleep over the Transition to College
and the Associations with Depression and Anxiety Symptoms

--------

Cntrl: parent education

El-Sheikh et al.

Children's sleep and adjustment: a residualized change analysis.

--------

Inter: SES and race

El-Sheikh et al.

Children's sleep and adjustment over time: the role of socioeconomic -------context
Parent-reported sleep problems during development and self-reported -------anxiety/depression, attention problems, and aggressive behavior later
in life
Sleep problems in childhood: a longitudinal study of developmental
-------change and association with behavioral problems

Inter: SES and race

Blake M.J. et al.
Cousins et al.

Gregory et al.
Gregory et al.

Goldman-Mellor Mental health antecedents of early midlife insomnia: evidence from a
et al.
four-decade longitudinal study.
Mindell et al
Morrison et al.
Paquet C. et al

Sleep and Social-Emotional Development in Infants and Toddlers
Sleep problems in adolescence.
Sleep habits, parenting style, and anxiety in children

Cntrl: family
history of
depression/anx
iety
--------------------

Cntrl: SES
Cntrl: SES
Cntrl: SES

-----------------------
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Pandey A. et al.

Sleep and psychosocial impairment in children raised by
grandparents in kin tech randomized controlled trial

Reid G. et al.

The relation between common sleep problems and emotional and
behavioral problems among 2- and 3-year-olds in the context of
known risk factors for psychopathology: Sleep in toddlers

Sarchiapone M.
et al.
Shanahan et al.

Hours of sleep in adolescents and its association with anxiety,
emotional concerns, and suicidal ideation
Sleep Problems Predict and Are Predicted by
Generalized Anxiety/Depression and
Oppositional Defiant Disorder

Sheridan et al

A longitudinal study of child sleep in high and low risk families:
relationship to early maternal settling strategies and child
psychological functioning

Spellman E. et
al.
Touchette et al.

Impact of insufficient and delayed sleep on early adolescents'
behavioral well-being
Prior sleep problems predict internalizing problems later in life.

Tu K.M. et al.

Sleep and mental health: the moderating role of perceived
adolescent-parent attachment

Whalen et al.

Variation in common preschool sleep problems as an early predictor
for depression and anxiety symptom severity across time.

Inter: raised
by
grandparents
Cntrl: PMK
depression,
negative
parenting,
family
functioning
--------

unable to open

--------

Cntrl: race

Cntrl:
Maternal
settling
strategies
--------

Cntrl: SES

Cntrl: stressful
life events
(including
parent divorce
, parental
depression)
Inter:
adolescentparent
attachment*
Cntrl:
maternal
internalizing
problems

Cntrl: income adequacy,
PMK education, PMK
age, single parent home

----------

Cntrl: income
Cntrl: SES

Cntrl: race, income

Cntrl: income: needs
ratio

127
Zaidman-Zait A.
et al.

Children's night waking among toddlers: relationships with mothers'
and fathers' parenting approaches and children's behavioral
difficulties

---------

--------

**Cntrl = Controlling for, Inter = Interaction, PMK = Person most knowledgeable about child, SES= Socioeconomic status
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